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Uhfhqw hpslulfdo uhvhdufk e| Pdun Wd|oru dqg frdxwkruv kdv irxqg hylghqfh
ri k|eulg g|qdplfv iru uhdo h{fkdqjh udwhv1 Zkloh wkhuh lv d udqgrp zdon qhdu
htxloleulxp/ iru uhdo h{fkdqjh udwhv vrph glvwdqfh iurp htxloleulxp wkhuh lv
phdq0uhyhuvlrq zklfk lqfuhdvhv zlwk wkh ghjuhh ri plvdoljqphqw1 Dq lqwhuhvw0
lqj txhvwlrq lv zkhwkhu wklv qrqolqhdu phdq0uhyhuvlrq pljkw eh srolf|0lqgxfhg1
Mrkq Zlooldpvrq +4<<;,/ iru h{dpsoh/ kdv sursrvhg d _prqlwrulqj edqg% lq
zklfk wkhuh lv qr lqwhuyhqwlrq qhdu htxloleulxp exw wkhuh lv vxevwdqwldo lqwhuyhq0
wlrq wuljjhuhg e| h{fkdqjh udwh ghyldwlrqv rxwvlgh d suhvhw edqg1 Lq wklv sdshu
zh ghyhors d wkhruhwlfdo prgho ri vxfk d prqlwrulqj edqg wr vhh zkhwkhu lw fdq
jhqhudwh sdwwhuqv ri qrqolqhdu phdq0uhyhuvlrq dnlq wr wkrvh uhsruwhg lq hpslulfdo
uhvhdufk1
MHO= G85/ I64/ J451
Nh|0Zrugv= Prqlwrulqj Edqg/ Qrq0olqhdu Phdq0Uhyhuvlrq/ Qhdu Udqgrp Zdon
G|qdplfv1
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4Qrq0Whfkqlfdo Vxppdu|
Wkhuh lv d jurzlqj erg| ri hpslulfdo hylghqfh ri qrqolqhdu phdq0uhyhuvlrq lq iru0
hljq h{fkdqjh udwhv1 Iru qrplqdo udwhv/ iru h{dpsoh/ Wd|oru dqg Shho +4<<<, hvwlpdwh
wlph0vhulhv prghov ri wkh ghyldwlrqv ri wkh groodu0vwhuolqj dqg groodu0pdun iurp wkh
ohyho vxjjhvwhg e| prqhwdu| ixqgdphqwdov dqg ￿qg qrqolqhdu phdq0uhyhuvlrq wrzdugv
htxloleulxp/ zkhuh wkh vshhg lqfuhdvhv zlwk wkh vl}h ri wkh ghyldwlrq1 Vlploduo|/ iru
uhdo h{fkdqjh udwhv/ Wd|oru/ Shho dqg Vduqr +5334, ￿qg hylghqfh ri udqgrp zdon
ehkdylrxu qhdu htxloleulxp dqg lqfuhdvlqj phdq0uhyhuvlrq hovhzkhuh1
Dq lqwhuhvwlqj lvvxh lv zkhwkhu vxfk qrqolqhdu phdq0uhyhuvlrq frxog eh srolf|0
lqgxfhg1 Lq wkh uhsruw ri wkh Wdudsruh Frpplwwhh +4<<:,/ d srolf| ri vwdwh0frqwlqjhqw
iruhljq fxuuhqf| lqwhuyhqwlrq zdv dgyrfdwhg iru vwdelolvlqj wkh Lqgldq uxshh1 Lqwhu0
yhqwlrq zdv rqo| wr wdnh sodfh rxwvlgh d suhvhw edqg ri ￿8( durxqg d cqhxwudo* udwh
uhsuhvhqwlqj wkh r￿fldo/ sxeolfo| dqqrxqfhg/ hvwlpdwh ri wkh htxloleulxp h{fkdqjh
udwh1 Mrkq Zlooldpvrq +4<<;,/ vxssruwhg wklv sursrvdo iru zkdw kh uhihuv wr dv d
_prqlwrulqj edqg% ~zlwk qr lqwhuyhqwlrq lqvlgh exw vxevwdqwldo lqwhuyhqwlrq zkhq
h{fkdqjh udwhv pryh rxwvlgh1 Rq h{dplqlqj wkh ghwhuplqdqwv ri phdq0uhyhuvlrq lq
dv |hw xqsxeolvkhg uhvhdufk lq d Ohyhukxoph surmhfw dw wkh Xqlyhuvlw| ri Zduzlfn/
Pdun Wd|oru dqg Fkulv Nxehohf kdyh irxqg hylghqfh iru wkh uroh ri vwdwh0frqwlqjhqw
iruhljq fxuuhqf| lqwhuyhqwlrq1
Lq wklv sdshu zh ghyhors d wkhruhwlfdo prgho ri d vw|olvhg prqlwrulqj edqg wr vhh
zkhwkhu lw fdq jhqhudwh sdwwhuq ri qrqolqhdu phdq0uhyhuvlrq dnlq wr wkdw uhsruwhg lq
hpslulfdo uhvhdufk1 D prqlwrulqj edqg frxog r￿hu dq dwwudfwlyh lqwhuphgldwh uhjlph
iru ghyhorslqj frxqwulhv wr pdqdjh wkhlu fxuuhqflhv1 Exw zh vkrz wkdw _ohdqlqj
djdlqvw zlqg% lq wklv zd| lv qrw/ lq idfw/ vx￿flhqw wr uxoh rxw clqwulqvlf* exeeohv1
Lpsrvlqj wudqvyhuvdolw| frqglwlrqv pd| eh d frqyhqlhqw dqdo|wlfdo ghylfh wr uxoh rxw
vxfk exeeoh vroxwlrqv/ exw wklv pd| eh qrw hdv| wr lpsohphqw lq sudfwlfh1 Wklv
vxjjhvwv d uroh iru d pxfk zlghu wdujhw }rqh dv d cedfn vwrs* wr fkhfn exeeohv1 Lq
zklfk fdvh/ wkh srolf| uhvsrqvh zrxog eh vhtxhqfhg ~zlwk qr lqwhuyhqwlrq lqvlgh wkh
prqlwrulqj edqg/ iroorzhg e| cohdqlqj djdlqvw wkh zlqg* dqg hqglqj zlwk cedfn vwrs*
lqwhuyhqwlrq1 Xvlqj d vlpsoh prgho ri Ixqgdphqwdolvwv dqg Fkduwlvwv zh looxvwudwh
krz edfn0vwrs lqwhuyhqwlrq frxog suhyhqw vhoi0ixo￿oolqj exeeohv dulvlqj lq d prqlwrulqj
edqg1
Lq frqfoxvlrq zh vxjjhvw wkh qhhg iru ixuwkhu dqdo|vlv ri wkh wudglqj ehkdylrxu
wkdw pljkw jhqhudwh vxfk h{fkdqjh udwh qrqolqhdulwlhv1 Lq d iudphzrun ri dv|pphwulf
lqirupdwlrq dqg sulydwh vljqdov vlplodu wr wkdw ri Pruulv dqg Vklq +4<<;,/ iru h{dpsoh/
Deuhx dqg Euxqqhuphlhu +5334, kdyh vxjjhvwhg wkdw sxeolf hyhqwv/ frxog sod| d
vljql￿fdqw uroh dv d frruglqdwlrq ghylfh1 Wklv frxog surylgh wkh plfurirxqgdwlrq iru
dqdo|vlqj wkh uroh ri vwhulolvhg lqwhuyhqwlrq lq hqglqj exeeohv1
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Xqwlo uhfhqwo|/ prvw hfrqrphwulf vwxglhv ri wkh ehkdylrxu ri ￿rdwlqj udwhv fdph wr
wkh frqfoxvlrq wkdw d udqgrp zdon ghvfulehv wkh hyroxwlrq ri wkh h{fkdqjh udwh ehwwhu
wkdq pruh vrsklvwlfdwhg prghov1 Lvdug +4<<8, iru h{dpsoh frqfoxghv d vxuyh| ri wkhvh
vwxglhv zlwk wkh revhuydwlrq=
_Lq vkruw/ qhlwkhu wkh ehkdylrxudo uhodwlrqvklsv vxjjhvwhg e| wkhru|/ qru
wkh lqirupdwlrq rewdlqhg wkurxjk dxwruhjuhvvlrq/ surylghg d prgho wkdw
frxog iruhfdvw ehwwhu wkdq d udqgrp0zdon1 Dqg ixuwkhupruh/ zkloh wkh
udqgrp zdon prgho shuiruphg dw ohdvw dv zhoo dv rwkhu prghov/ lw suh0
glfwhg yhu| srruo|%1
Krzhyhu/ wkh udqgrp zdon ylhz ri h{fkdqjh udwhv kdv ehhq h￿hfwlyho| fkdoohqjhg
lq wkh odvw ihz |hduv1 E| xvlqj orqj klvwrulfdo gdwd vhulhv/ Orwkldq dqg Wd|oru +4<<9,/
iru h{dpsoh/ irxqg hfrqrphwulf hylghqfh ri phdq0uhyhuvlrq lq uhdo h{fkdqjh udwhv1
Wkxv/ hyhq li wkh udqgrp zdon rxwshuirupv dq| ri wkh vwuxfwxudo prghov ri h{fkdqjh
udwh ghwhuplqdwlrq zlwklq d wlph krul}rq ri ohvv wkdq d |hdu/ Urjr￿ +4<<9, dfnqrzo0
hgjhv wkdw _wkhuh lv qrz suhww| frqfoxvlyh hylghqfh wkdw d ￿rdwlqj udwh zloo uhyhuw
vorzo| wrzdug uhodwlyh sxufkdvlqj srzhu sdulw| +SSS,/ zlwk kdoi wkh dgmxvwphqw ehlqj
frpsohwhg lq vrphwklqj xqghu 8 |hduv%1
Lq ixuwkhu h{sorulqj wkh ehkdylrxu ri uhdo h{fkdqjh udwhv/ vhyhudo rwkhu hfrqrphw0
ulf vwxglhv +R*Frqqhoo/ 4<<;, kdyh dssolhg d qrqolqhdu dqdo|vlv wr ghyldwlrqv iurp
SSS dqg kdyh irxqg hpslulfdo hylghqfh ri qrqolqhdu phdq0uhyhuvlrq￿1
Lq dq hduolhu vwxg| ri qrplqdo h{fkdqjh udwhv ehwzhhq pdmru Hxurshdq fxuuhqflhv
gxulqj wkh 4<;3v/ Nudjhu dqg Noxjhu +4<<6, kdg dovr frq￿uphg wkh suhvhqfh ri vxfk
qrqolqhdulwlhv1 Lq h{dplqlqj wkh pryhphqwv djdlqvw wkh XV groodu/ wkh| lghqwl￿hg
wkuhh gl￿huhqw uhjlphv= wkh ￿uvw frqwdlqlqj dssuhfldwlrq ri wkh fxuuhqflhv frqvlghuhg
+Jhupdq pdun/ Iuhqfk iudqf/ Lwdoldq olud dqg Vzlvv iudqf,> wkh vhfrqg frqwdlqlqj
prghudwh ghsuhfldwlrqv dqg wkh wklug uhjlrq vwurqj ghsuhfldwlrqv1 Wkh| vkrz wkdw
lq wkh ￿uvw dqg wklug uhjlphv wkhuh lv vwurqj h{fkdqjh udwh dxwrfruuhodwlrq dqg d
whqghqf| wr phdq0uhyhuvlrq/ zkhuhdv lq wkh vhfrqg uhjlrq wkhuh lv qr dxwrfruuhodwlrq
dqg wkh h{fkdqjh udwh pryhv dv d udqgrp zdon21
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6Lq d pruh uhfhqw vwxg| ri wkh groodu0vwhuolqj dqg groodu0pdun h{fkdqjh udwhv ryhu
wkh uhfhqw ￿rdwlqj udwh shulrg/ Wd|oru dqg Shho +4<<<, hvwlpdwh qrqolqhdu wlph0vhulhv
prghov ri ghyldwlrqv ri wkh qrplqdo h{fkdqjh udwhv iurp wkh ohyhov vxjjhvwhg e| vlpsoh
prqhwdu| ixqgdphqwdov1 Wkh hvwlpdwhg sdudphwhuv lpso| phdq0uhyhuvlrq wrzdugv
wkh prqhwdu| ixqgdphqwdo htxloleulxp/ zkhuh wkh vshhg ri phdq0uhyhuvlrq lqfuhdvhv
zlwk wkh vl}h ri wkh ghyldwlrq iurp htxloleulxp1 Lq +dv |hw xqsxeolvkhg, uhvhdufk lq
d Ohyhukxoph surmhfw dw wkh Xqlyhuvlw| ri Zduzlfn/ Pdun Wd|oru dqg Fkulv Nxehohf
kdyh irxqg hylghqfh ri k|eulg g|qdplfv iru wkh uhdo h{fkdqjh udwh zlwk udqgrp zdon
ehkdylrxu qhdu htxloleulxp/ dqg phdq0uhyhuvlrq zklfk lqfuhdvhv zlwk wkh ghjuhh ri
plvdoljqphqw/ iru uhdo h{fkdqjh udwhv vrph glvwdqfh iurp htxloleulxp1 Rq h{dplqlqj
wkh ghwhuplqdqwv ri phdq0uhyhuvlrq/ wkh| ￿qg hylghqfh iru wkh uroh ri vwdwh0frqwlqjhqw
iruhljq fxuuhqf| lqwhuyhqwlrq1
Lq srolf| duhqd/ vwdwh0frqwlqjhqw iruhljq fxuuhqf| lqwhuyhqwlrq kdv ehhq dgyr0
fdwhg dv sduw ri d vwudwhj| iru pdlqwdlqlqj d cprqlwrulqj edqg*/ vhh wkh uhsruw ri wkh
Wdudsruh Frpplwwhh/ 4<<:1 Lq frpprq zlwk fdqrqlfdo cwdujhw }rqh* prghov/ wkhuh
lv qr lqwhuyhqwlrq zlwklq wkh edqg ￿ zklfk wkh Wdudsruh Frpplwwhh uhfrpphqghg
vkrxog eh vhw ￿8( durxqg wkh cqhxwudo* udwh uhsuhvhqwlqj wkh r￿fldo dqg dqqrxqfhg
hvwlpdwh ri wkh htxloleulxp h{fkdqjh udwh1 Xqolnh wdujhw }rqh prghov ri h{fkdqjh
udwhv/ krzhyhu/ wkhuh lv qr reoljdwlrq wr ghihqg wkh hgjh ri wkh edqg shu vh= lqwhuyhq0
wlrq rqo| wdnhv sodfh zkhq wkh h{fkdqjh udwh lv rxwvlgh wkh edqg1 Lq klv glvfxvvlrq ri
h{fkdqjh udwh srolf| lq Vrxwk0Hdvw Dvld/ Udmdq +5333/ s1 4:, vxjjhvwv wkh Prqhwdu|
Dxwkrulw| ri Vlqjdsruh +PDV, pd| douhdg| kdyh dgrswhg d prqlwrulqj edqg=
_+wkh, PDV pdqdjhv wkh Vlqjdsruh groodu djdlqvw d edvnhw ri fxuuhqflhv
ri Vlqjdsruh*v pdlq wudglqj sduwqhuv dqg frpshwlwruv1 Wkh edvnhw lv frp0
srvhg ri wkh fxuuhqflhv ri wkrvh frxqwulhv wkdw duh wkh pdlq vrxufhv ri lp0
sruwhg lq￿dwlrq dqg frpshwlwlrq lq h{sruw pdunhwv1 Wkh wudgh0zhljkwhg
Vlqjdsruh groodu lv doorzhg wr ￿rdw zlwklq dq xqglvforvhg wdujhw edqg1
Wkh ohyho dqg zlgwk ri wkh edqg duh uhylhzhg shulrglfdoo| wr hqvxuh wkdw
wkh| duh frqvlvwhqw zlwk hfrqrplf ixqgdphqwdov dqg pdunhw frqglwlrqv1
^Exw‘ wkh PDV lqwhuyhqhv lq wkh iruhljq h{fkdqjh udwh pdunhw iurp wlph
wr wlph wr hqvxuh wkdw pryhphqwv ri wkh +Vlqjdsruh groodu, h{fkdqjh udwh
duh rughuo| dqg frqvlvwhqw zlwk wkh h{fkdqjh udwh srolf|%1￿1
Lq Nuxjpdq*v fdqrqlfdo wdujhw }rqh prgho wkhuh lv vrph qrqolqhdu phdq0uhyhuvlrq
exw rqo| yhu| forvh wr wkh hgjh ri wkh edqg/ zkhuh wkh pdujlqdo lqwhuyhqwlrq wdnhv
sodfh> hovhzkhuh lqvlgh wkh edqg wkh h{fkdqjh udwh ehkdyhv dv d udqgrp zdon1 D nh|
ihdwxuh ri wkh prgho lv wkdw ixoo| fuhgleoh pdujlqdo lqwhuyhqwlrq uxohv rxw lqwulqvlf
exeeohv/ vhh Wdeoh 4 froxpq 41 Lq d prqlwrulqj edqg/ krzhyhu/ wkh phdq0uhyhuvlrq
lv zhdn lqvlgh wkh edqg exw jurzv pruh srzhuixo dv wkh h{fkdqjh udwh ghyldwhv iurp
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Qrqolqhdu Rqo| forvh Zhdn lqvlgh dqg Zhdn lqvlgh dqg
Phdq0Uhyhuvlrq wr wkh hgjh lqfuhdvlqj rxwvlgh wkh edqg lqfuhdvlqj rxwvlgh wkh edqg
Exeeohv Qr \hv Qr
Wdeoh 4= Frpsdudwlyh Surshuwlhv ri H{fkdqjh Udwh Prghov1 NW]@Nuxjpdq*v Wdujhw
]rqh>ZPE@Zlooldpvrq*v Prqlwrulqj Edqg>EVE@Edfn0Vwrs Edqg1
htxloleulxp/ vhh froxpq 51 Dv Zlooldpvrq +4<<;, dujxhv/ wkh dgydqwdjh ri vxfk dq
h{fkdqjh udwh srolf| lv wkdw lw h{sorlwv wkh vwdelolvlqj surshuwlhv ri zkdw kh uhihuv
wr dv wkh cuhvwrudwlrq uxoh*/ zlwkrxw frpplwwlqj wkh dxwkrulwlhv wr ghihqg d cPdjlqrw
olqh* dv lq wudglwlrqdo wdujhw }rqh uhjlphv1 D gudzedfn/ krzhyhu/ lv wkdw prghov
zlwk vriw0ex￿huv dgplw _lqwulqvlf exeeohv%1 Wr uxoh wkhvh rxw zh sursrvh wkdw wkh
prqlwrulqj edqg eh vxssohphqwhg zlwk edfn0vwrs lqwhuyhqwlrq/ vhh froxpq 61
Uhfhqwo| uhohdvhg gdwd rq Mdsdqhvh lqwhuyhqwlrqve/ glvsod|hg lq Iljxuh +4,/ surylgh
vhyhudo h{dpsohv ri vxfk edfn vwrs lqwhuyhqwlrqv ehlqj xvhg wr olplw vhyhuh plvdoljq0
phqwv1 Iru h{dpsoh wkh Mdsdqhvh plqlvwhu ri ￿qdqfh/ Pu Vdndnledud/ dxwkrulvhg
pdvvlyh lqwhuyhqwlrq rq wkh h{fkdqjh udwh pdunhw dw 47; |hq shu groodu lq 4<<;/ l1h1
derxw 63( ehorz lwv orqj0uxq htxloleulxp udwh ri 458 |hq shu groodu1D Iru dq hfrqr0
phwulf dqdo|vlv ri lqwhuyhqwlrq uxohv lq Mdsdq dqg wkhlu h￿hfwv rq wkh h{fkdqjh udwh/
vhh Lwr +5334,1
Wkh sodq lq wklv sdshu lv wr ghyhors d wkhruhwlfdo prgho iru d vw|olvhg prqlwrulqj
edqg lq zklfk wkhuh lv qr lqwhuyhqwlrq qhdu htxloleulxp exw vxevwdqwldo lqwhuyhqwlrq
wuljjhuhg e| h{fkdqjh udwh ghyldwlrqv rxwvlgh d suhvhw edqg1 +Qrwh wkdw/ lq olqh zlwk
wkhruhwlfdo olwhudwxuh rq wdujhw }rqhv/ zh zloo zrun zlwk qrplqdo qrw uhdo edqgv dqg
frqvlghu rqo| xqvwhulolvhg lqwhuyhqwlrq,1 Rqh ri wkh remhfwlyhv ri ghyhorslqj vxfk
prghov lv wr vhh zkhwkhu wkh| fdq jhqhudwh sdwwhuqv ri qrqolqhdu phdq0uhyhuvlrq dnlq
wr wkrvh uhsruwhg lq hpslulfdo uhvhdufk1 Li vr/ wklv frxog surylgh wkhruhwlfdo vxssruw
iru wkh hpslulfdo ￿qglqjv glvfxvvhg deryh1
Wkh sdshu lv rujdqlvhg dv iroorzv= wkh qh{w vhfwlrq h{dplqhv wdujhw }rqh prghov
iurp wkh shuvshfwlyh ri uhfhqw hpslulfdo ￿qglqjv rq phdq0uhyhuvlrq1 Vhfwlrq 6 exlogv
d prqlwrulqj edqg prgho iru wkh qrplqdo h{fkdqjh udwh zlwk lqwhuyhqwlrqv olqnhg wr
wkh ghjuhh ri ixqgdphqwdo plvdoljqphqw1 Vhfwlrq 7 glvfxvvhv h{lvwhqfh ri _lqwulqvlf
exeeohv% +Iurrw dqg Revwihog/ 4<<4,> dqg krz wkh| pd| eh uxohg rxw e| _edfn0
vwrs% lqwhuyhqwlrq1 Lw dovr frqwdlqv d vlpsoh prgho ri Ixqgdphqwdolvwv dqg Fkduwlvwv
zkhuh hqgrjhqrxv pdunhw frpsrvlwlrq jhqhudwhv d vhoi0ixo￿oolqj exeeoh dqg glvfxvvhv
srolflhv wr uxoh wkhp rxw1 Vhfwlrq 8 dqdo|vhv wkh ￿ pruh uhdolvwlf exw pruh frp0
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<HQ￿’ROODU ([FKDQJH UDWH 0D\ ￿￿￿￿￿)HE ￿￿￿￿
$PRXQWV RI ,QWHUYHQWLRQ ￿0RQWKO\ $JJUHJDWLRQ￿
%LOOLRQV \HQ
Ý Sell $,  buy yen
ßBuy $,  sell yen
Iljxuh 4= \hq2Groodu H{fkdqjh Udwh dqg Dprxqwv ri Lqwhuyhqwlrq1
9solfdwhg ￿ fdvh ri d prqlwrulqj edqg zlwk lqwhuyhqwlrq wuljjhuhg e| h{fkdqjh udwh
plvdoljqphqw1 Vhfwlrq 9 frqfoxghv1
2 V@hi|it Lu W?|ihi?|L? @?_ , U@?}i +@|i #)?@4
Ut
Wkh fdqrqlfdo wdujhw }rqh prgho ghyhorshg e| Nuxjpdq +4<<4, dvvxphv d ixoo| fuhg0
leoh h{fkdqjh udwh edqg vxssruwhg e| lq￿qlwhvlpdo lqwhuyhqwlrqv dw wkh pdujlq1 Kh
kljkoljkwv wkh vwdelol}lqj h￿hfw ri d wdujhw }rqh rq wkh h{fkdqjh udwh/ gxh wr pdu0
nhw h{shfwdwlrqv ri prqhwdu| lqwhuyhqwlrqv li wkh h{fkdqjh udwh klwv wkh edqg1 Wkhvh
pdunhw h{shfwdwlrqv jhqhudwh d qrqolqhdu V0vkdshg uhodwlrqvkls ehwzhhq wkh h{fkdqjh
udwh dqg hfrqrplf ixqgdphqwdov +prqh| ghpdqg dqg d vwrfkdvwlf yhorflw| vkrfn,1
Wkh lpsolfdwlrq ri wkh prgho lv wkdw d fuhgleoh edqg zloo jhqhudwh phdq0uhyhuvlrq lq
h{fkdqjh udwhv/ zklfk lqfuhdvhv dv wkh udwh pryhv wrzdugv wkh hgjh ri wkh edqg1
Krzhyhu/ hpslulfdo vwxglhv +Vyhqvvrq/ 4<<4, vxjjhvw wkdw/ dw ohdvw xqwlo 4<;:/ wkh
wdujhw }rqh uhjlph dgrswhg dprqj wkh Hxurshdq fxuuhqflhv zdv qrw fuhgleoh/ jlyhq
wkh odujh qxpehu ri uhdoljqphqwv rffxuuhg gxulqj wkh HPV +xs wr 45 iru Lwdo|,1S Dv
Revwihog +4<<8, vwuhvvhv=
_Rqh gudzedfn ri wdujhw }rqhv lv wkdw wkh| pd| qrw h{huw d vwdelolvlqj
h￿hfw xqohvv pdunhwv duh frq￿ghqw wkdw wkhlu hgjhv zloo eh ghihqghg vxf0
fhvvixoo|111 Li pdunhwv fdq ￿jxuh rxw wkh iudjlolw| ri wkh hgjhv dqg shuirup
wkh uhtxlvlwh edfnzdug lqgxfwlrq/ d wdujhw }rqh orvhv pxfk ri lwv vwdelolv0
lqj srzhu1 Lw pd| hyhq ehfrph ghvwdelolvlqj%1
Lw pd| hyhq eh wkh fdvh/ dv Zlooldpvrq +4<<;, revhuyhv/ wkdw hgjhv wr wkh edqg
duh surylglqj wkh pdunhw zlwk wdujhwv wr dwwdfn/ udwkhu wkdq dvvxulqj wkh pdunhw wkdw
wkh udwh zloo qrw pryh ixuwkhu1
Wklv kdv vwlpxodwhg ixuwkhu vwxglhv ri sduwldoo| fuhgleoh wdujhw }rqhv1 Zh fdq
jurxs wklv uhvhdufk lqwr= prghov zlwk hqgrjhqrxv uhdoljqphqw ulvnv/ prghov zlwk
lqwudpdujlqdo lqwhuyhqwlrqv dqg wkrvh +lqfoxglqj wkh suhvhqw zrun, zklfk irfxv rq
vwdwh0frqwlqjhqw lqwhuyhqwlrqv +olqnhg wr wkh ixqgdphqwdov dqg2ru h{fkdqjh udwh plv0
doljqphqw,1
Dgyrfdwhv ri prghov zlwk hqgrjhqrxv uhdoljqphqwv ulvnv +Ehuwrod dqg Fdedoohur/
4<<5> Ehuwrod dqg Vyhqvvrq/ 4<<6, dujxh wkdw d kljk suredelolw| ri uhdoljqphqw fdq
fdqfho rxw wkh vwdelolvlqj h￿hfw wkdw wkh wdujhw }rqh kdv rq wkh h{fkdqjh udwh +krq0
h|prrq h￿hfw, dqg fdq uhyhuvh wkh V0vkdsh vroxwlrq iru wkh h{fkdqjh udwh1
S￿| |￿i i?_ Lu |￿i ￿￿}￿t| ￿bb￿ |￿h4L￿* 4Lt| Lu |￿i t￿h￿￿￿￿?} ￿@h_ ,+￿ ￿@t hiT*@Ui_ M) @ 4￿U￿
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￿DI L? i￿|￿ih t￿_i Lu |￿i ￿?@*|ihi_ Ui?|h@* T@h￿|￿it￿
:Lq wkh vhfrqg jurxs/ ydulrxv dxwkruv +Iurrw dqg Revwihog/ 4<<4> Olqgehuj dqg
V￿ rghuolqg 4<<7, kdyh frpelqhg pdujlqdo +l1h1/ dw wkh hgjh ri wkh edqg, dqg lq0
wudpdujlqdo lqwhuyhqwlrq +zlwklq wkh edqg, lq rughu wr h{sodlq wkh kxps0vkdshg
glvwulexwlrq ri wkh h{fkdqjh udwh1 Vyhqvvrq +4<<5, dujxhv wkdw lqwudpdujlqdo lqwhu0
yhqwlrq fdq ehwwhu ghvfuleh uhdo zruog fhqwudo edqn lqwhuyhqwlrq vwudwhj|1 Vyhqvvrq
dvvxphv wkdw/ dv ixqgdphqwdov ghyldwh iurp htxloleulxp/ wkh dxwkrulwlhv lpsohphqw
phdq0uhyhuwlqj lqwhuyhqwlrqv zklfk gulyh wkh h{fkdqjh udwh edfn wrzdugv wkh fhq0
wudo sdulw|1 Krzhyhu/ lqwhuyhqwlrqv lq wkh uhdo zruog duh pruh olnho| wr eh gulyhq e|
wkh ghjuhh ri plvdoljqphqw lq wkh h{fkdqjh udwh lwvhoi udwkhu wkdq lq wkh xqghuo|lqj
ixqgdphqwdov1
Zkdw zh sodq wr gr lq wklv sdshu/ lv wr hqulfk wkh vwuhdp ri olwhudwxuh rq lpshu0
ihfwo| fuhgleoh wdujhw }rqh prghov e| vwxg|lqj dowhuqdwlyh k|eulg uhjlphv/ lqfoxglqj
d prqlwrulqj edqg/ zkhuh lqwhuyhqwlrq lv wuljjhuhg zkhq ghjuhh ri plvdoljqphqw ri
wkh h{fkdqjh udwh iurp htxloleulxp lv juhdwhu wkdq d fhuwdlq wkuhvkrog/ zlwk qr lqwhu0
yhqwlrq rwkhuzlvh1 Zkloh wklv lqwhuyhqwlrq lv qrw ghvljqhg wr nhhs wkh h{fkdqjh udwh
lqvlgh wkh edqg/ lw jurzv hyhu pruh ghwhuplqhg dv wkh plvdoljqphqw lqfuhdvhv1
Dv zh vkdoo vhh lq vhfwlrq irxu/ vxfk frqwlqjhqw lqwhuyhqwlrqv pd| lqwurgxfh dq
dgglwlrqdo ihhgedfn +iurp wkh h{fkdqjh udwh wr ixqgdphqwdov, qrw suhvhqw lq suhylrxv
prghov ri phdq0uhyhuwlqj ixqgdphqwdov +Iurrw dqg Revwihog/ 4<<4> Olqgehuj dqg
V￿ rghuolqg 4<<7,1.
Dvvxph wkh iroorzlqj uhgxfhg irup iru wkh h{fkdqjh udwh=




zkhuh { lv wkh yhorflw|0dgmxvwhg prqh| +lq orj irup, dqg v lv wkh ghyldwlrq ri wkh
h{fkdqjh udwh iurp lwv htxloleulxp +qrupdolvhg wr }hur,1H
Lq wkh devhqfh ri lqwhuyhqwlrq/ { iroorzv wkh vwrfkdvwlf surfhvv=
g{| @ ￿g } | +5,
zkhuh } lv d vwdqgdug Eurzqldq prwlrq dqg ￿ lv d sdudphwhu phdvxulqj wkh yrodwlolw|
ri wkh ixqgdphqwdo1
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zkhuh vs ghqrwhv wkh vroxwlrq zlwk d iuhh0￿rdwlqj1 Khqfh/ lq wkh devhqfh ri dq|
eduulhu ru frqwurov/ wkh h{fkdqjh udwh vlpso| wudfnv wkh ixqgdphqwdov1
2 L?_i_ 6?_@4i?|@*t
Jlyhq wkh surfhvv iru wkh ixqgdphqwdo dv ghvfulehg lq +5,/ dsso|lqj Lwr*v ohppd wr






+{ ￿ v,@3 + : ,
zklfk kdv wkh iroorzlqj jhqhudo vroxwlrq=
v?+{,@{ . D￿ h{s^￿{‘.Dh{s^￿￿{‘ +;,
zkhuh v?+{, ghqrwhv wkh vroxwlrq iru wkh h{fkdqjh udwh zlwk qr0lqwhuyhqwlrq/ D￿ dqg
D duh wzr duelwudu| frqvwdqwv dqg wkh sdudphwhu ￿ lv gh￿qhg e| ￿ @
s
5@￿￿2=
Wr nhhs wkh h{fkdqjh udwh zlwklq wkh v|pphwulf edqg ^￿￿ v>￿ v‘ lw lv vx￿flhqw wr
frq￿qh wkh ixqgdphqwdo surfhvv wr ^￿￿ {> ￿ {‘ e| phdqv ri uh￿hfwlqj eduulhu dw erwk hqgv1
Dvvxplqj wkh v|pphwu| ri wkh vroxwlrq dw wkh wzr uh￿hfwlqj eduulhuv/ v+￿￿ {,@￿v+￿ {,/




+hb% ￿ h3b%,.{ @ Dvlqk+￿{,.{ +<,
v&+{, ghqrwhv wkh fdqrqlfdo Nuxjpdq vroxwlrq dqg D @ ￿ ￿
bULt￿Eb7 %￿ ? 3l vg h u l y h ge |
lpsrvlqj wkh vprrwk sdvwlqj frqglwlrq v￿+￿￿ {,@v￿+￿ {,@3 1
Dv +<, vkrzv/ wkh vwdqgdug wdujhw }rqh vroxwlrq lpsolhv wkdw wkh dxwkrulwlhv lq0
whuyhqh dw wkh hgjh ri wkh edqg e| phdqv ri pdujlqdo lqwhuyhqwlrqv1 Krzhyhu/ wklv
pd| qrw eh wuxh lq uhdolw|1
<22 i@?+iih|?} 6?_@4i?|@*t
Lq sudfwlfh/ dv Vyhqvvrq +4<<5, dujxhv/ prvw lqwhuyhqwlrqv duh cohdqlqj djdlqvw wkh
zlqg* ru lqwud0pdujlqdo/ l1h1/ wkh| dlp dw uhwxuqlqj wkh h{fkdqjh udwh wr d vshfl0
￿hg wdujhw zlwklq wkh edqg1 Wklv pd| eh fdswxuhg e| phdq0uhyhuwlqj lqwhuyhqwlrqv
prghoohg dv iroorzv=
g{ @ ￿￿{g w. ￿g} +43,
zkhuh wkh h{shfwhg udwh ri fkdqjh ri wkh ixqgdphqwdo/ lwv cguliw*/ lv sursruwlrqdo wr
lwv ghyldwlrq iurp htxloleulxp/ dvvxphg iru vlpsolflw| wr eh }hur1
E| dsso|lqj Lwr*v ohppd wr wkh uhgxfhg irup ri wkh prqhwdu| prgho +4, vxemhfw wr
wkh phdq0uhyhuwlqj surfhvv iru { uhsuhvhqwhg e| +43,/ zh jhw dq ruglqdu| gl￿huhqwldo
htxdwlrq iru wkh h{fkdqjh udwh=
4
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zkhuh K^￿‘d q gX^￿‘ duh wzr Nxpphu*v ixqfwlrqv/ E dqg F duh frqvwdqwv wkdw kdyh
wr eh ghwhuplqhg e| erxqgdu| ehkdylrxu1
Wkh ciuhh0￿rdw* vroxwlrq lv jlyhq e| wkh ￿uvw whup ri +45, dqg ghshqgv rq wkh
ghjuhh ri phdq0uhyhuvlrq1 Wkh kljkhu lv wkh ghjuhh ri phdq0uhyhuvlrq/ ￿/ wkh ￿dwwhu
lv wkh ciuhh0￿rdw* vroxwlrq uhodwlyh wr wkh iuhh0￿rdw ehqfkpdun vroxwlrq jlyhq e| wkh
78￿ olqh1
Iljxuh 5 looxvwudwhv wkh nh| gl￿huhqfhv ehwzhhq wkh vroxwlrq ri wkh prgho zlwk
phdq0uhyhuwlqj lqwhuyhqwlrqv/ v￿+{,> dqg wkh ruglqdu| Nuxjpdq*v wdujhw }rqh prgho/
v&+{,> zlwk pdujlqdo lqwhuyhqwlrqv rqo|1 E| dvvxplqj d v|pphwulf edqg iru wkh
qrplqdo h{fkdqjh udwh/ wkh v0d{lv lv gh￿qhg lq whupv ri wkh ghyldwlrq ri wkh qrpl0
qdo h{fkdqjh udwh iurp wkh fhqwudo sdulw| zkloh wkh {0d{lv lv gh￿qhg lq whupv ri d
frpsrvlwh ixqgdphqwdo zklfk hperglhv d vwrfkdvwlf yhorflw| vkrfn dqg wkh prqh|
vwrfn1
Lq wkh ixoo| fuhgleoh wdujhw }rqh vroxwlrq/ v&+{,/ h{shfwdwlrqv ri lqwhuyhqwlrq dw
wkh hgjh ri wkh edqg ri ￿ v vwdelolvh wkh h{fkdqjh udwh dv vkrzq e| wkh qrqolqhdu V0
vkdshg vroxwlrq +zkhuh wkh uhgxfwlrq ri wkh vorsh ehorz rqh dw wkh ruljlq lv uhihuuhg
wr dv wkh ckrqh|prrq h￿hfw*,1 Li lqwhuyhqwlrqv duh phdq0uhyhuwlqj wrzdugv d fhqwudo
sdulw|/ dv vxjjhvwhg e| Vyhqvvrq +4<<5, dqg wkhuh lv qr vshfl￿hg edqg iru pdujlqdo
lqwhuyhqwlrqv/ wkhq wkh vroxwlrq v￿+{, vkrzv wkdw d vlplodu vwdelolvlqj h￿hfw dovr rs0
hudwhv lq wklv uhjlph +zkhwkhu wkh vorsh dw wkh ruljlq lv juhdwhu ru ohvv wkdq iru wkh
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Iljxuh 5= Iuhh0￿rdw Vroxwlrq/ Phdq0Uhyhuwlqj Vroxwlrq dqg Nuxjpdq*v Vroxwlrq1
44 L_i**?} L?|Lh?} @?_t
Dv wkh HUP fulvlv ri 4<<504<<6 ghprqvwudwhg/ qrplqdo h{fkdqjh udwh edqgv zlwk
kdug hgjhv duh gl￿fxow wr ghihqg1 Qru grhv doorzlqj wkh fhqwuh ri wkh edqg wr fudzo
vroyh wkh sureohp1 Dv Yhodvfr +5333, qrwhv=
_li h{fkdqjh udwh edqgv fudzo/ vr wkdw wkhlu fhqwuh uhpdlqv forvh wr dq
hvwlpdwh ri wkh chtxloleulxp* h{fkdqjh udwh/ wkhq phglxp whup plvdoljq0
phqw fdq eh dyrlghg1 Dyrlghg/ wkdw lv/ wr wkh h{whqw wkdw wkh hgjhv ri
wkh edqg duh ghihqvleoh ￿ dqg/ lq wkh diwhupdwk ri wkh Dvldq/ Eud}loldq/
Ph{lfdq dqg Uxvvldq fulvhv ￿ wkh frqvhqvxv lq wkh surihvvlrq vhhpv wr
eh wkdw wkh| fdqqrw eh1 Edqgv zlwk kdug hgjhv hyhqwxdoo| idoo suh| wr
wkh suhvvxuh ri wkh pdunhw0sodfh%+ s145,1
Lq rughu wr dyrlg ghihqglqj wkh lqghihqvleoh/ Zlooldpvrq +4<<;, sursrvhv d cprq0
lwrulqj edqg* zlwk vriw hgjhv iru wkh uhdo h{fkdqjh udwh1 Wkh nh| gl￿huhqfh zlwk
uhvshfw wr wkh fudzolqj shj lv wkdw wkhuh lv qr reoljdwlrq wr ghihqg wkh hgjh ri wkh
edqg1 Wkh reoljdwlrq lqvwhdg lv wr wdnh dfwlrq wr vwdelolvh wkh h{fkdqjh udwh zkhq lw
jrhv rxwvlgh wkh edqg1
Lq wklv vhfwlrq zh vwxg| Zlooldpvrq*v sursrvdo zlwk d irupdo prgho ri d vw|olvhg
prqlwrulqj edqg1 Iru vlpsolflw|/ zh xvh d prqlwrulqj edqg iru wkh qrplqdo h{fkdqjh
udwh dqg dvvxph wkdw wkh vl}h ri lqwhuyhqwlrq ghshqgv rq wkh ghyldwlrq ri wkh ixq0
gdphqwdo iurp lwv htxloleulxp ydoxh1 Wklv kdv wkh dgydqwdjh wkdw lw doorzv d gluhfw
frpsdulvrq zlwk Nuxjpdq*v fdqrqlfdo wdujhw }rqh prgho dqg Vyhqvvrq*v dowhuqdwlyh
lqfoxglqj lqwud0pdujlqdo lqwhuyhqwlrq1 Lq frqwudvw wr wkh odwwhu/ zkhuh phdq0uhyhuwlqj
lqwhuyhqwlrq wdnhv sodfh lqvlgh dq h{fkdqjh udwh edqg/ lq wkh prqlwrulqj edqg phdq0
uhyhuwlqj lqwhuyhqwlrq wdnhv sodfh rqo| zkhq wkh h{fkdqjh udwh lv rxwvlgh wkh suhvhw
edqg ^￿￿ v>￿ v‘1
Vlqfh zh duh orrnlqj dw wkh v|pphwulf vroxwlrq zh zloo frqvlghu wkh fdvh zkhq wkh
h{fkdqjh udwh dqg wkh ixqgdphqwdo ydu| ehwzhhq 3 dqg 41 Wkh lqwhuyhqwlrq srolf|
lpsolhv wkdw wkhuh lv d wkuhvkrog ohyho ri ixqgdphqwdo ￿ {/ lq wkh lqwhulru ri wkh udqjh
^￿ v>+4 . ￿￿,￿ v‘> vxfk wkdw ixqgdphqwdo iroorzv d sxuh Eurzqldq prwlrq zlwkrxw guliw
iru { ￿ ￿ {/ dqg vzlwfkhv wr d phdq0uhyhuwlqj surfhvv iru {A￿ {1 Wkxv/ zkloh lq wkh
fdqrqlfdo wdujhw }rqh prgho wkh wkuhvkrog/ ￿ {/ lv d uh￿hfwlqj eduulhu/ lw lv lq wklv fdvh
d wudqvlwlrqdo wkuhvkrog zkhuh wkh surfhvv zklfk gulyhv wkh ixqgdphqwdo xqghujrhv d
fkdqjh1
Wkh vwrfkdvwlf surfhvv lqfoxglqj vxfk wudqvlwlrqv lv gh￿qhg dv=









Iljxuh 6= D Prqlwrulqj Edqg zlwk Lqwhuyhqwlrqv gulyhq e| wkh Ghyldwlrq ri wkh
Ixqgdphqwdo iurp Htxloleulxp1
zkhuh wkh lqglfdwru L/ zklfk gh￿qhv zkhwkhu wkhuh lv lqwhuyhqwlrq ru qrw/ fdq eh
hlwkhu 3 ru 4 zlwk=
+
L @3 l i 3?v￿ ￿ v
L @4 l i v ￿ ￿ v
+47,
Wr uhsuhvhqw wkh h{fkdqjh udwh g|qdplfv xqghu wklv k|eulg uhjlph/ zh fdq xvh
dssursuldwh jhqhudo vroxwlrqv rq hdfk vlgh ri ￿ v/ qdpho|=
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iru v￿ ￿ v
+48,
zkhuh v?+{,d q gv￿+{, gh￿qh wkh vroxwlrq zlwkrxw lqwhuyhqwlrq dqg zlwk lqwhuyhqwlrq
uhvshfwlyho|/ dqg wkh dxwkrulwlhv lqwhuyhqh wr vwdelolvh wkh h{fkdqjh udwh rqo| zkhq lw
lv rxwvlgh wkh edqg1
Vlqfh wkh vzlwfklqj dw v @￿ v lv uhyhuvleoh/ wkh ydoxhv iru D>E>F dqg ￿ { duh gh0
ulyhg +vhh Dsshqgl{ F iru ghwdlov, e| erwk lpsrvlqj wkh vprrwk0sdvwlqj dqg ydoxh0
46pdwfklqj frqglwlrqv dw ￿ v +vhh Gl{lw dqg Slqg|fn/ 4<<7,=
v?+￿ {,@￿ v +49,






dqg dovr wkh wudqvyhuvdolw| frqglwlrq iru wkh h{fkdqjh udwh +vhh Dsshqgl{ E iru gh0
wdlov,1 Wkh odwwhu hqvxuhv wkdw wkh vroxwlrq +45, frqyhujhv dv|pswrwlfdoo| wr wkh olqhdu






Wklv lv ehfdxvh iru { $4 / wkh suredelolw| ri vzlwfklqj edfn wr wkh qr0lqwhuyhqwlrq
uhjlph jrhv wr }hur> vr lw lv dv li wkh phdq0uhyhuwlqj ixqgdphqwdov dsso| hyhu|zkhuh1
Lq wkh qr0lqwhuyhqwlrq }rqh/ dv Iljxuh 6 vkrzv/ wkh h{fkdqjh udwh olhv forvh wr wkh
iuhh0￿rdw vroxwlrq vr lw whqgv wr wudfn wkh ixqgdphqwdo1 Jlyhq wkh suhvxpswlrq wkdw
wkh dxwkrulwlhv zloo lqwhuyhqh li wkh _h{fkdqjh udwh vwud|v wrr idu% +Zlooldpvrq/ 4<<;,/
wkh vroxwlrq iru wkh h{fkdqjh udwh lq wkh qr0lqwhuyhqwlrq }rqh vwduwv wr ehqg ehiruh
wkh olplw iru wkh ixqgdphqwdo/ ￿ {/ lv uhdfkhg1 Wklv lv olnh wkh krqh|prrq h￿hfw lq d
ixoo| fuhgleoh wdujhw }rqh/ exw khuh lw lv gulyhq e| h{shfwdwlrqv ri qrq0lq￿qlwhvlpdo
lqwhuyhqwlrq dlphg dw glvfrxudjlqj wkh h{fkdqjh udwh iurp vwud|lqj wrr idu rxwvlgh
ri wkh edqg1 b
Lw fdq eh vkrzq/ krzhyhu/ wkdw wkh vwdelolvlqj h￿hfw ri h{shfwhg qrq0pdujlqdo
lqwhuyhqwlrqv pxvw eh zhdnhu wkdq Nuxjpdq*v krqh|prrq h￿hfw1
Sursrvlwlrq 4 Dv ￿ %4wkhq ￿ { % ￿ {&/ zkhuh ￿ {& lv wkh uh￿hfwlqj eduulhu iru wkh
fdqrqlfdo wdujhw }rqh vroxwlrq zlwk wkh vdph edqg kdoizlgwk ^3>￿ v‘1
￿iNNu= Vhh Dsshqgl{ G1
Wkh lqwxlwlyh h{sodqdwlrq iru wklv uhvxow lv wkdw zkhq wkh ghjuhh ri phdq0uhyhuvlrq/
￿/ whqgv wr lq￿qlw| wkh vwuhqjwk ri wkh lqwhuyhqwlrq lv vxfk wkdw wkh h{fkdqjh udwh
fdqqrw guliw hyhq prphqwdulo| iurp wkh jlyhq h{fkdqjh udwh edqg1
Lq whupv ri Iljxuh 6 wklv lpsolhv wkh vroxwlrq lqvlgh wkh edqg whqgv wrzdug Nuxj0
pdq*v vroxwlrq rqo| dv ￿ whqgv wr lq￿qlw|/ rwkhuzlvh wkh h{fkdqjh udwh lv forvhu wr d
udqgrp zdon dqg v￿+￿ {, A 3/ l1h1/ wkhuh lv qr vprrwk0sdvwlqj djdlqvw wkh hgjh ri wkh
edqg1 Wkh devhqfh ri vljql￿fdqw phdq0uhyhuvlrq forvh wr htxloleulxp lv frqvlvwhqw
zlwk hpslulfdo idfwv glvfxvvhg deryh1 Wkh ghwdlohg sdwwhuq ri phdq0uhyhuvlrq erwk
lqvlgh dqg rxwvlgh wkh edqg lv dqdo|vhg qh{w1
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Dv d suholplqdu|/ zh uhsuhvhqw wkh g|qdplfv ri wkh h{fkdqjh udwh dv=
gv @ ￿￿ ￿+v, vgw . j+v,g} +53,
zkhuh ￿ ￿+v, lv wkh ghjuhh ri phdq0uhyhuvlrq iru wkh h{fkdqjh udwh dqg j+v, uhsuhvhqwv
h{fkdqjh udwh yrodwlolw| dqg erwk fdq ydu| zlwk v1 Jlyhq wkdw lq wkh prqhwdu| prgho
wkh h{fkdqjh udwh/ v/ lv d ixqfwlrq ri wkh ixqgdphqwdo/ {/ zklfk iroorzv wkh surfhvv





￿2v￿￿+{, ￿ ￿{Lv ￿+{,
￿
gw . ￿v ￿+{, g} +54,
zkhuh v+{, lv wkh ixqfwlrqdo irup ri wkh vroxwlrq1 Lw lv fohdu iurp +54, wkdw wkh ￿uvw
whup uhsuhvhqwv phdq0uhyhuvlrq dqg wkh vhfrqg whup lv wkh Eurzqldq prwlrq surfhvv1
Ehiruh ghulylqj dv|pswrwlf surshuwlhv ri wkh qrqolqhdu phdq0uhyhuvlrq glvsod|hg
e| wkh h{fkdqjh udwh/ lw lv lqwhuhvwlqj wr qrwh wkdw ghvslwh wkh vzlwfk ri vwrfkdvwlf
uhjlph wkh phdq0uhyhuvlrq lv d frqwlqxrxv ixqfwlrq ri v dqg {1 Frpsdulqj +53, dqg




















Phdq0uhyhuvlrq vfdohg e| ￿v lv wkh rssruwxqlw| frvw ri kroglqj +yhorflw| dgmxvwhg,
uhdo edodqfhv/ gh￿qhg dv +{ ￿ v+{,,> vlqfh qhlwkhu wkh h{fkdqjh udwh qru wkh ixqgd0
phqwdo duh glvfrqwlqxrxv dfurvv wkh uhjlph wudqvlwlrq/ qhlwkhu lv phdq0uhyhuvlrq1
Irupdoo| zh fdq hvwdeolvk wkh iroorzlqj sursrvlwlrqv=
Sursrvlwlrq 5 +d, olp%￿f ￿ ￿+{,@3dqg olp%￿" ￿ ￿+{,@￿
+e, ￿ ￿+{, lv frqwlqxrxv dw { @￿ {=
+f, ￿ ￿ +{, lv lqfuhdvlqj dqg frqyh{ iru 3 ?{?￿ { dqg lqfuhdvlqj dqg frqfdyh iru
{A￿ {=
￿iNNu= Vhh Dsshqgl{ H1
Dv sduw +d, ri Iljxuh 7 looxvwudwhv/ phdq0uhyhuvlrq lv yhu| zhdn qhdu htxloleulxp/ vr











Iljxuh 7= Ghjuhh ri Orfdo Phdq0Uhyhuvlrq
49wkh hpslulfdo olwhudwxuh rq qrqolqhdu phdq0uhyhuvlrq +Wd|oru/ 5334> Wd|oru dqg Shho/
4<<<> Nlolhq dqg Wd|oru/ 5333,1 Exw dv wkh ixqgdphqwdo pryhv wrzdug wkh vzlwfk
srlqw ￿ v wkh ghjuhh ri phdq0uhyhuvlrq lqfuhdvhv gxh wr wkh h{shfwdwlrq ri lqwhuyhqwlrq
eh|rqg wkh wkuhvkrog ￿ v= Wkh ghjuhh ri phdq0uhyhuvlrq lv/ krzhyhu/ ohvv wkdq lq wkh
fuhgleoh wdujhw }rqh dv zh vkrz lq wkh sursrvlwlrq ehorz1
Sursrvlwlrq 6 olp￿￿" ￿ ￿+{,@￿ ￿&+{,/z k h u h￿ ￿&+{, gh￿qhv wkh ghjuhh ri orfdo phdq0
uhyhuvlrq lq Nuxjpdq*v fdvh1
￿iNNu= Vhh Dsshqgl{ I1
Wkh sursrvlwlrq lv vwudljkwiruzdug wr h{sodlq1 Dv wkh ghjuhh ri phdq0uhyhuvlrq lq
wkh ixqgdphqwdo/ ￿/ dssurdfkhv lq￿qlw|/ wkh h￿hfw ri wkh prqlwrulqj edqg frqyhujhv
wr wkdw ri wkh ixoo| fuhgleoh wdujhw }rqh= vr wkh phdq0uhyhuvlrq lq wkh h{fkdqjh udwh
uhsolfdwhv wkdw ri Nuxjpdq*v fdqrqlfdo fdvh1
Dv vxjjhvwhg e| Sduw +e, ri Iljxuh 7/ phdq0uhyhuvlrq lq h{fkdqjh udwh sorwwhg
djdlqvw udwh lwvhoi vwduwv dw }hur dw htxloleulxp dqg ulvhv wr ￿ dv v whqgv wr lq￿qlw|/
l1h1/ wkh sdwwhuq ri phdq0uhyhuvlrq zlwk uhvshfw wr wkh h{fkdqjh udwh kdv wkh vdph
fkdudfwhulvwlfv dv zlwk uhvshfw wr wkh ixqgdphqwdo1 Wklv fdq eh vxppdulvhg lq wkh
sursrvlwlrq=
Sursrvlwlrq 7 Wkh ghjuhh ri orfdo phdq0uhyhuvlrq zlwk uhvshfw wr wkh h{fkdqjh udwh/
￿ ￿+v,/ kdv wkh vdph txdolwdwlyh surshuwlhv ri ￿ ￿+{,1
￿iNNu= Vhh Dsshqgl{ J1
Wklv vlplodulw| lv d frqvhtxhqfh ri wkh uhjxodulw| ri wkh vroxwlrq olqnlqj wkh h{0
fkdqjh udwh wr wkh ixqgdphqwdo1
e W?|h?tU MM*it @?_ @ @U!t|LT @?_
Wkh surshuwlhv dqdo|vhg lq sursrvlwlrqv 4 wr 6 shuwdlq wr wkh ixqgdphqwdo vroxwlrq
zklfk vdwlvi| wkh wudqvyhuvdolw| frqglwlrq wkdw wkh h{fkdqjh udwh lv wkh suhvhqw glv0
frxqwhg ydoxh ri h{shfwhg ixwxuh ixqgdphqwdov1 Exw vwrfkdvwlf prghov ri wklv w|sh
srvvhv rwkhu vroxwlrqv zklfk gr qrw vdwlvi| wklv frqglwlrq1 Wkxv hyhq lq wkh suhvhqfh
ri d prqlwrulqj edqg zlwk xqvwhulolvhg lqwhuyhqwlrq/ wkhuh duh dq lq￿qlw| ri zkdw
Iurrw dqg Revwihog +4<<4, kdyh gxeehg *lqwulqvlf exeeohv*1
Wr vhh wklv/ frqvlghu d sdwk lqvlgh wkh edqg zklfk olhv deryh wkh ixqgdphqwdo
vroxwlrq/ h1j1/ wkh 78￿ olqh= Vprrwk0sdvwlqj dqg ydoxh0pdwfklqj wr wkh Nxpphu*v
ixqfwlrq dw ￿ v zloo gh￿qh dq lqwulqvlf exeeoh vroxwlrq/ vlplodu wr RE lq Iljxuh 61 Wkh
vdph orjlf zloo jhqhudwh d zkroh idplo| ri lqwulqvlf exeeohv/ doo frqvlvwhqw zlwk wkh
dqqrxqfhg lqwhuyhqwlrq srolf|1
Lq wklv fdvh wkh vhfrqg whup lq +6, lv gl￿huhqw iurp }hur dqg wkh pdunhw pd| idlo
lq wkh orqj0uxq vlqfh lq wklv fdvh lw grhv qrw srvvhv wkh joredo udwlrqdolw| dvvxpswlrq1
4:Lq sulqflsoh ri frxuvh vxfk exeeohv fdq eh uxohg rxw e| lpsrvlqj d wudqvyhuvdolw|
frqglwlrq/ vlplodu wr +4<,> wklv lv htxlydohqw wr dvvxph doo wkh qrq0hfrqrplf idfwruv
d￿hfwlqj wkh h{fkdqjh udwh/ hpehgghg lq wkh vhfrqg whup lq +6,/ vkrxog frqyhujh
dv|pswrwlfdoo| wr }hur1 Wklv pd| eh vx￿flhqw wr hqvxuh wkdw wkh vroxwlrq +45, frq0
yhujhv dv|pswrwlfdoo| wr wkh olqhdu phdq0uhyhuwlqj vroxwlrq uhsuhvhqwhg lq Iljxuh 61
Dowkrxjk wkh lpsrvlwlrq ri wudqvyhuvdolw| frqglwlrqv fdq eh d frqyhqlhqw dqdo|wlfdo
ghylfh wr uxoh rxw vxfk exeeoh vroxwlrqv/ wklv pd| eh lq sudfwlfh qrw ihdvleoh1 Lq idfw/
vkruw0krul}rq rq wkh sduw ri dvvhw kroghuv pd| olplw wkh sudfwlfdo uhohydqfh ri wklv
uhvwulfwlrq1
Lq wkh devhqfh ri wudqvyhuvdolw| frqglwlrq/ srolf| dfwlrq wr uhvwruh joredo udwlr0
qdolw| pd| eh uhtxluhg wr uxoh rxw wkhvh lqwulqvlf exeeohv1 Rqh vxfk srolf| pljkw eh
wkdw ri kdylqj d pxfk zlghu *wdujhw }rqh* dv d edfn vwrs/ dv/ iru h{dpsoh/ wkh ￿ 48(
zlgh edqgv dgrswhg e| wkh HUP diwhu wkh vshfxodwlyh dwwdfnv rq wkh pxfk qduurzhu
edqgv lq 4<<5261 Vr wkh srolf| uhvsrqvh zrxog eh vhtxhqfhg ~zlwk qr lqwhuyhqwlrq
lqvlgh wkh prqlwrulqj edqg/ iroorzhg e| cohdqlqj djdlqvw wkh zlqg* dqg hqglqj zlwk
cedfn vwrs* lqwhuyhqwlrq1 Lq Vyhqvvrq +4<<7, lw lv vxjjhvwhg wkdw/ zlwk phdq uhyhuwlqj
lqwhuyhqwlrq/ d edfn vwrs wdujhw }rqh zloo eh sod| qr xvhixo uroh= exw wklv lv ehfdxvh
wudqvyhuvdolw| zdv ehlqj dvvxphg1 Li djhqwv duh qrw joredoo| udwlrqdo wkhq wkh zlgh
}rqh fdq sod| wkh frpsohphqwdu| uroh ri fkhfnlqj lqwulqvlf exeeohv1
Lw lv wuxh wkdw Exlwhu dqg Shvhqwl +4<<3, kdyh vkrzq wkdw exeeohv fdq shuvlvw hyhq
zlwklq d wdujhw }rqh= exw wklv uhtxluhv wkdw lqwhuyhqwlrq eh cexeeoh iulhqgo|* lq wkh
vhqvh wkdw lw wdnhv wkh ixqgdphqwdo iurp wkh exeeoh sdwk wr wkh vwdeoh sdwk zlwkrxw
exuvwlqj wkh exeeoh +iru glyhujhqw sdwkv deryh wkh 78 ghjuhh olqh lq wkh wdujhw }rqh/
iru h{dpsoh/ wklv zrxog lqyroyh vhoolqj dqg qrw ex|lqj grphvwlf fxuuhqf| dw wkh zhdn
hgjh ri wkh edqg1,1 Devhqw vxfk shuyhuvh lqwhuyhqwlrq/ exeeohv zloo ylrodwh duelwudjh
dqg fdq eh uxohg rxw zlwkrxw dsshdolqj wr dv|pswrwlf duelwudjh frqglwlrqv1￿f
e 5i*uu***?} MMM*it | 6?_@4i?|@*t|t @?_ @h|t|t
Lq wkhlu dqdo|vlv ri iruhljq h{fkdqjh pdunhwv/ Iuhqnho dqg Iurrw +4<;9, glvwlqjxlvk
ehwzhhq wkh wudglqj vwudwhjlhv ri Ixqgdphqwdolvwv dqg Fkduwlvwv/ zkhuh wkh iruphu
wuhdw wkh h{fkdqjh udwh dv wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh ixqgdphqwdov/ zkloh
wkh odwwhu iroorz whfkqlfdo wudglqj uxohv edvhg rq sulfh pryhphqwv1 Wkh hfrqrphwulf
zrun ri Lwr +5334, vxjjhvwv wkh suhvhqfh ri wkhvh wzr lq￿xhqfhv lq wkh pdunhw> lw vkrzv
wkdw wkh |hq0groodu h{fkdqjh udwh lv sduwo| gulyhq e| h{wudsrodwlqj sdvw sulfh fkdqjhv/
￿f￿Lhi }i?ih@**)c ￿| tii4t |￿@| @ 4￿ Lu t|ih￿*￿ti_ @?_ ?L?￿t|ih￿*￿ti_ ￿?|ih￿i?|￿L? ￿t ￿ti_￿
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Iljxuh 8= Vzlwfklqj ehwzhhq Ixqgdphqwdolvwv dqg Fkduwlvwv1
zklfk pljkw fkdudfwhulvh wkh fkduwlvwv* ehkdylrxu/ dqg sduwo| e| wkh ghyldwlrq ri
wkh qrplqdo h{fkdqjh udwh iurp lwv orqj0uxq htxloleulxp/ zklfk pljkw fdswxuh wkh
lq￿xhqfh ri ixqgdphqwdolvwv1
Wkh g|qdplfv ri wkh h{fkdqjh udwh zrxog dovr uh￿hfw fkdqjhv lq wkh frpsrvlwlrq
ri wudghuv zklfk zrxog hyroyh hqgrjhqrxvo| ghshqglqj rq zklfk jurxs pdnhv pruh
sur￿wv1 Qr dwwhpsw lv pdgh khuh wr prgho wklv chyroxwlrqdu| jdph* lq dq| ghwdlo= exw
zh xvh wkh iudphzrun ri d prqlwrulqj edqg wr vkrz krz hqgrjhqrxv pdunhw frpsr0
vlwlrq fdq jhqhudwh vhoi0ixo￿oolqj exeeohv= dqg glvfxvv krz wkhvh pd| eh holplqdwhg
e| edfn0vwrs lqwhuyhqwlrq1
Wkh dujxphqw lv looxvwudwhg lq Iljxuh 8/ zkhuh RD lqglfdwhv wkh ixqgdphqwdo +qr0
exeeohv, vroxwlrq ghvfulehg hduolhu dqg RE uhsuhvhqwv wkh lqwulqvlf exeeoh vroxwlrq
zklfk ehjlqv rq wkh 78 ghjuhh olqh lqvlgh wkh prqlwrulqj edqg dqg ehfrphv frqyh{
zkhq wkh hgjh ri wkh edqg lv uhdfkhg dqg wkh dxwkrulwlhv vwduw cohdqlqj djdlqvw wkh
4<zlqg*1
Wr vhh krz wkh udwh pljkw hyroyh zkhq wkh frpsrvlwlrq ri wudghuv lv hqgrjhqrxv/
dvvxph wkdw wkh ylhzv ri ixqgdphqwdolvwv zloo grplqdwh xqohvv wkhlu iruhfdvwv jr
vhulrxvo| zurqj1 Vshfl￿fdoo| zh dvvxph wkdw wkhlu ylhzv zloo eh glvfrxqwhg frpsohwho|
zkhq wkh dfwxdo udwhv ghyldwhv e| ￿ iurp wkhlu iruhfdvwv1 Dw wklv srlqw/ Fkduwlvwv*
ylhzv zrxog grplqdwh zkhuh wkhvh duh uhsuhvhqwhg e| lqwulqvlf exeeoh RE1L i w k h
vzlwfk lv uhyhuvleoh/ wkh dfwxdo h{fkdqjh udwh zloo iroorz wkh sdwk vkrzq dv R{I lq
wkh ￿jxuh zkhuh { pdunv wkh vsrw zkhuh ixqgdphqwdolvwv jhw ￿uhg ￿ ru uh0kluhg dv
wkh fdvh pd| eh1 +Zh dvvxph wkdw zkhq wkh udwhv pryh lqvlgh wkh huuru pdujlq
vkrzq/ wkh ylhzv ri ixqgdphqwdolvwv zloo rqfh djdlq grplqdwh/ l1h1/ wkh uhjlph vzlwfk
lv _uhyhuvleoh%1, Dv fdq eh vhhq iurp wkh ￿jxuh/ R{I _kxjv% wkh ixqgdphqwdo vroxwlrq
idluo| forvho| xqwlo lw uhdfkhv srlqw { zkhuh lw ghyldwhv vkduso| dv lw dv|pswrwlfdoo|
dssurdfkhv wkh lqwulqvlf exeeoh RE1 Qrwh wkdw wkh udwh rqo| ghyldwhv iurp RD
ehfdxvh ri h{shfwdwlrqv wkdw wkh Ixqgdphqwdolvwv zloo eh ￿uhg= exw wkh ghyldwlrq ri
wkh udwh rxwvlgh wkh huuru pdujlq hqvxuhv wkdw wklv rffxuv1 Vr wklv lv dq h{dpsoh ri
vhoi0ixo￿oolqj exeeoh1
Li rqo| wkh pdunhw eholhyhg wkh Ixqgdphqwdolvwv zloo qrw eh ￿uhg/ wkhuh zloo eh qr
exeeoh1 Wklv fdq eh dfklhyhg li wkh sdwk dssurdfklqj RE ylrodwhv wkh qr0sur￿wdeoh0
duelwudjh frqglwlrq1 Exw lq wkh suhvhqfh ri _edfn0vwrs% edqg/ wkhuh lv qr vprrwk
sdvwlqj zkhq wkh vroxwlrq uhdfkhv I/ wkh srlqw ri lqwhuyhqwlrq ghvljqhg wr hqvxuh
wkdw wkh ixqgdphqwdov fdq qr orqjhu lqfuhdvh/ vr duelwudulo| odujh sur￿wv fdq eh pdgh
e| ehwwlqj rq wkh fxuuhqf| vwuhqjwkhqlqj1 Wkh shufhswlrq wkdw wkh dxwkrulwlhv zloo
vwuhqjwkhq wkh kdqg ri wkh Ixqgdphqwdolvwv e| ghihqglqj wkh edfnxs edqg phdqv
wkdw wkh vhoi0ixo￿oolqj exeeoh RI fdq eh uxohg rxw h{ dqwh1
Li wkh srolf| suhuhtxlvlwh lv wr hqirufh orvvhv rq wkrvh zkr ljqruh ixqgdphqwdov/
wklv pd| suhvxpdeo| eh dfklhyhg e| sxeolf dfwlrqv/ vxfk dv vwhulolvhg lqwhuyhqwlrqv1
Wkh h￿ruw wr suhyhqw d vhoi0ixo￿oolqj soxqjh lq wkh Hxur/ iru h{dpsoh/ wrrn wkh irup
ri frruglqdwhg vwhulolvhg lqwhuyhqwlrq1 Zdgkdzdql +5333, glvfxvvhv wkh h￿hfwlyhqhvv
ri vxfk dfwlrq dv iroorzv=
_Vwhulolvhg lqwhuyhqwlrq lv qr pdjlf zhdsrq wr zkhho rxw jhqhudoo|11111dqg
lw vkrxog rqo| eh xvhg zkhq wkh fkdqfhv ri vxffhvv duh uhodwlyho| kljk/
h1j1/ gxulqj shulrgv ri vljql￿fdqw plvdoljqphqw% +s14:,1
Shukdsv vwhulolvhg lqwhuyhqwlrqv dw srlqw I l qI l j x u h8￿z k l f kl q ￿ l f wo r v v h v
rq wkrvh ex|lqj iruhljq fxuuhqf| ￿ zrxog vdwlvi| Zdgkzdql*v suhvfulswlrq dv wkh
exeeoh lv sulfnhg rqo| zkhq wkhuh lv vljql￿fdqw plvdoljqphqw1 Zdgkzdql +5333, grhv/
krzhyhu/ zduq djdlqvw ghod|lqj lqwhuyhqwlrq iru wrr orqj= _Doorzlqj dq ryhuvkrrw wr
frqwlqxh fdq/ ri lwvhoi/ ehjlq wr d￿hfw wkh cixqgdphqwdov*/ ru dw ohdvw/ wkh pdunhw*v
shufhswlrqv ri wkhp1 Iru h{dpsoh/ doorzlqj wkh Hxur wr idoo lqgh￿qlwho| pljkw/ uljkwo|
ru zurqjo|/ lqfuhdvh shufhswlrqv ri wkh srolwlfdo ulvn dvvrfldwhg zlwk kroglqj wkdw
53fxuuhqf|1 Lw lv/ wkhuhiruh/ d plvwdnh wr dvvxph wkdw wkh ixqgdphqwdov duh lqghshqghqw
ri wkh suhflvh wlph0sdwk ri wkh pryhv ri d fxuuhqf|1 Lqwhuyhqwlrq fdq/ wkhuhiruh/ hyhq
d￿hfw wkh ixqgdphqwdov e| dowhulqj wkh wlph0sdwk ri d fxuuhqf|*v pryhphqwv% +s14;,1
Lq wkh qh{w vhfwlrq wkhuhiruh/ zh frqvlghu d prgho lq zklfk wkh h{fkdqjh udwh lwvhoi
d￿hfwv hyroxwlrq ri ixqgdphqwdov1
D L?|Lh?} @?_ | W?|ihi?|L? hLTLh|L?@* |L
|i , U@?}i +@|i t@*}?4i?|
Lq wkh k|eulg uhjlph vwxglhg deryh/ lqwhuyhqwlrq lv wuljjhuhg e| wkh h{fkdqjh udwh
uhdfklqj wkh hgjh ri wkh edqg/ exw wkh vwuhqjwk ri lqwhuyhqwlrq lv vwulfwo| sursru0
wlrqdo wr wkh ohyho ri ixqgdphqwdov1 Zkloh wklv lv pdwkhpdwlfdoo| frqyhqlhqw/ lw lv
qrw dv sodxvleoh dv dvvxplqj wkdw wkh lqwhuyhqwlrq lv sursruwlrqdo wr wkh ghjuhh ri h{0
fkdqjh udwh plvdoljqphqw/ zklfk fruuhvsrqgv pruh forvho| wr wkh prghov ri qrqolqhdu
phdq0uhyhuvlrq lqyhvwljdwhg hpslulfdoo| e| Wd|oru dqg Nxehohf iru h{dpsoh/ zkhuh
ixqgdphqwdov sod| qr h{solflw uroh1
Zkhuh wkh vwuhqjwk ri wkh lqwhuyhqwlrq lv olqnhg wr plvdoljqphqw/ wkh surfhvv
gulylqj wkh ixqgdphqwdo rxwvlgh wkh edqg ehfrphv=
g{ @ ￿￿vg w. ￿g} +57,
Lq wkh suhvhqfh ri h{solflw ihhgedfn iurp wkh h{fkdqjh udwh wr wkh ixqgdphqwdo/
wkh prgho qr orqjhu kdv wkh uhfxuvlyh vwuxfwxuh ri Nuxjpdq*v wdujhw }rqh prgho ru
ri Vyhqvvrq*v prgho zlwk phdq0uhyhuvlrq= qrz wkh h{fkdqjh udwh lv d ixqfwlrq ri wkh
ixqgdphqwdo dqg wkh ixqgdphqwdo lv d ixqfwlrq ri wkh h{fkdqjh udwh/ dv +57, vkrzv1
Zh ehjlq e| dqdo|vlqj vroxwlrqv iru wkh vshfldo fdvh ri frqwlqxrxv ihhgedfn/ l1h1 dv li






















zkhuh g{ lv jlyhq e| +57, dqg wkh h{shfwhg fkdqjh lq wkh h{fkdqjh udwh/ H+gv￿,> lv
ghulyhg iurp +4,1









dwlyh/ wkh v|vwhp lv vdggoh0srlqw vwdeoh1 Wkh vorshv ri wkh vwdeoh dqg xqvwdeoh hljhq0

























Iljxuh 9= Prqlwrulqj Edqgv zlwk Lqwhuyhqwlrqv gulyhq e| Ixqgdphqwdov/ vU
￿> yhuvxv
Prqlwrulqj Edqgv zlwk Lqwhuyhqwlrqv gulyhq e| wkh H{fkdqjh Udwh Plvdoljqphqw/
vUU
￿ 1
E| dssursuldwh fkrlfh ri wkh ihhgedfn frh￿flhqw rq wkh h{fkdqjh udwh +w|sh LL
lqwhuyhqwlrq, lw lv srvvleoh wr pdnh wkh vwdeoh hljhqyhfwru frlqflgh zlwk Vyhqvvrq*v
phdq0uhyhuwlqj vroxwlrq zkhq wkh lqwhuyhqwlrq lv olqnhg wr wkh ixqgdphqwdo +w|sh L
lqwhuyhqwlrq,1
Wkh uhvxowlqj olqhdu vroxwlrq lv odehoohg RF lq Iljxuh 91
Ohdylqj dvlgh wkh wulyldo fdvh ri d prqlwrulqj edqg ri }hur zlgwk zh frqvlghu wkh
vroxwlrq iru ￿ vA3 zlwk w|sh LL lqwhuyhqwlrq1 Dv zdv wkh fdvh iru w|sh L lqwhuyhqwlrq/
wklv zloo eh frpsrvhg ri wzr vhjphqwv1 Iluvw iru v?￿ v zh jhw wkh k|shuerolf vroxwlrq
uhsruwhg lq +;,> iru vA￿ v qr dqdo|wlfdo vroxwlrq h{lvwv/ exw txdolwdwlyho| lw lv fohdu
iurp Lwr*v ohppd wkdw wkh vroxwlrq pxvw eh frqyh{ wr wkh krul}rqwdo d{lv dqg frqyhujh
wr wkh vwdeoh hljhqyhfwru1 Dv ehiruh wkhvh wzr vhjphqwv zloo vprrwk0sdvw dqg ydoxh0
pdwfk dw v @￿ v1 Zkloh wkh vroxwlrq xqghu lqwhuyhqwlrq ri w|sh LL zloo forvho| uhvhpeoh
wkh h{solflw vroxwlrq ghvfulehg deryh xqghu lqwhuyhqwlrq ri w|sh L/ wkh| zloo qrw eh
lghqwlfdo1 Wklv fdq eh vhhq iurp wkh iroorzlqj dujxphqw1 Dvvxph frxqwhuidfwxdoo|
55wkdw vUU
￿ glg frlqflgh zlwk vU
￿ vkrzq e| wkh vrolg oljkwhu olqh lq wkh gldjudp dqg
frqvlghu wkh ghjuhh ri lqwhuyhqwlrq dw wkh vzlwfk srlqw ￿ {U= D vf d qe hv h h qi u r pw k h
Iljxuh/ w|sh LL lqwhuyhqwlrq dw wkdw srlqw lv sursruwlrqdo wr ￿ v dqg h{fhhgv w|sh L
lqwhuyhqwlrq zklfk lv sursruwlrqdo wr ￿ {U +lq idfw/ ￿ {U ? ￿ v,= Wkh vdph orjlf dssolhv
iru doo wkh ydoxhv ri {A￿ {U= Vlqfh wkh ihhgedfn uxoh dozd|v ohdgv wr pruh srzhuixo
lqwhuyhqwlrq/ wklv gudjv wkh vroxwlrq vUU
￿ ehorz vU
￿ dv vkrzq lq wkh Iljxuh1
D W?|h?tU MM*i 5L*|L?tG @ Ai?|@|i ?@*)tt
Wkh ixqgdphqwdo vroxwlrq zlwk w|sh LL lqwhuyhqwlrq hylghqwo| uhvhpeohv wkh hduolhu
prqlwrulqj edqg vroxwlrq xqghu w|sh L lqwhuyhqwlrq lq frqyhujlqj wr wkh vwdeoh hljhq0
yhfwru1 Olnhzlvh wkh lqwhuyhqwlrq srolf| zloo jhqhudwh lqwulqvlf exeeohv lq wklv fdvh
wrr1 Lq wkh devhqfh ri dqdo|wlfdo uhsuhvhqwdwlrq ri wkhvh exeeohv rxwvlgh wkh edqg
fdq dq|wklqj eh vdlg derxw wkhp +lq wkh frqwh{w ri w|sh LL lqwhuyhqwlrq,B
Iluvwo| wkh| pxvw ydoxh0pdwfk dqg vprrwk0sdvwh wr wkh k|shuerolf vroxwlrq dw wkh
hgjh ri wkh edqg/ dv ehiruh1 Vhfrqgo| wkh| pxvw vdwlvi| wkh ixqgdphqwdo gl￿huhqwldo
htxdwlrq iru wkh v|vwhp +58, +vhh Dsshqgl{ D1;,1 Zkloh qxphulfdo phwkrgv frxog
eh xvhg wr ghwhuplqh wkh qdwxuh ri vxfk lqwulqvlf exeeohv/ dw ohdvw rqh exeeoh sdwk
fdq eh fkdudfwhulvhg xvlqj wkh dujxphqwv ri Ploohu dqg Zhoohu +4<<8,1 Wkh| surylgh
d txdolwdwlyh ghvfulswlrq ri doo wkh vroxwlrqv ri wkh v|vwhp +58,/ l1h1 zlwk frqwlqxrxv
lqwhuyhqwlrq dqg d }hur prqlwrulqj edqg1 Wkh iroorzlqj orjlf vxjjhvwv wkdw rqh ri
wkrvh vroxwlrqv zloo fkdudfwhulvh d exeeoh iru wkh k|eulg v|vwhp zlwk d qrq wulyldo
prqlwrulqj edqg1
Lw lv zhoo nqrzq iurp wkh wdujhw }rqh olwhudwxuh wkdw wkh vorsh ri wkh k|shuerolf
ixqfwlrq dw wkh hgjh ri wkh edqg idoov iurp lq￿qlw| wr }hur dv wkh ixqgdphqwdo pryhv
ryhu wkh udqjh ^3> ￿ {g‘= Jlyhq wkh rssrvlqj vorshv ri vwdeoh dqg xqvwdeoh hljhqyhfwruv
ghvfulehg deryh/ wkh txdolwdwlyh lqwulqvlf exeeoh vroxwlrqv ghvfulehg e| Ploohu dqg
Zhoohu +4<<8, zloo kdyh vorshv zklfk ydu| iurp qhjdwlyh wr srvlwlyh ryhu wkh vdph
udqjh1 Lw iroorzv wkdw wkhuh pxvw eh d vroxwlrq wkdw vdwlv￿hv vprrwk0sdvwlqj dqg
ydoxh0pdwfklqj> wklv lv looxvwudwhg lq Iljxuh : e| wkh sdwk RDX￿ zklfk dv|pswrwlfdoo|
frqyhujhv wr wkh xqvwdeoh pdqlirog/ X￿X￿ zklfk kdv vorsh jlyhq e| +5:,1 Zh kdyh
douhdg| ghvfulehg lq wkh suhylrxv vhfwlrq wkh surshuwlhv ri wkh vroxwlrq RHV￿/ zklfk
frqyhujhv dv|pswrwlfdoo| wr wkh vwdeoh pdqlirog V￿V￿ zklfk kdv vorsh jlyhq e| +59,1
Wklv lv rqo| rqh h{dpsoh/ exw lw lv vx￿flhqw wr frq￿up wkdw lpsrvlqj ihhgedfn
uxohv fruuhvsrqglqj wr d w|sh LL lqwhuyhqwlrq lw lv qrw lq lwvhoi hqrxjk wr vwdelolvh
h{fkdqjh udwh1 Krz fdq vxfk srolf|0lqgxfhg lqwulqvlf exeeohv eh uxohg rxwB Rqfh
djdlq rqh pd| dsshdo wr wudqvyhuvdolw|1
Lq dgglwlrq/ lw dsshduv wkdw fuhgleo| dqqrxqflqj wkh prqlwrulqj edqg zloo eh
vxvshqghg li lw suryhv fohduo| frxqwhusurgxfwlyh +h1j1 zkhq vAv dqg { @ 3,/ zrxog
eh vx￿flhqw1 +Dv fdq eh vhhq iurp Iljxuh : vxfk d srolf| vzlwfk zloo ylrodwh wkh


















Iljxuh := _Lqwulqvlf% Exeeohv
57pd| eh dfklhyhg e| d zlghu edfn0vwrs edqg dv d wuljjhu iru lqwhuyhqwlrq +srvvleo|
vwhulolvhg, dv glvfxvvhg lq wkh suhylrxv vhfwlrq1
S L?U*tL?t
Wkh hpslulfdo hylghqfh ri orfdo udqgrp zdon ehkdylrxu iru wkh h{fkdqjh udwh kdv ohg
vrph dxwkruv +Wd|oru dqg Shho/ 4<<<, wr uhdfk wkh iroorzlqj frqfoxvlrq=
_Lqwxlwlyho| +wkh qrqolqhdu dgmxvwphqw surfhvv ri wkh h{fkdqjh udwh, pd|
dulvh ehfdxvh vpdoo ghyldwlrq iurp cixqgdphqwdo htxloleulxp* pd| eh frq0
vlghuhg xqlpsruwdqw e| wkh pdunhw dqg e| srolf| pdnhuv/ dqg shukdsv
ri vhfrqgdu| lpsruwdqfh wr wkh lq￿xhqfh ri pdunhw irufhv qrw vwulfwo|
jryhuqhg e| hfrqrplf ixqgdphqwdov/ vxfk dv whfkqlfdo ru fkduw dqdo|vlv
+Wd|oru dqg Doohq/ 4<<5,1 Dv wkh h{fkdqjh udwh ehfrphv lqfuhdvlqjo| plv0
doljqhg zlwk wkh hfrqrplf ixqgdphqwdov/ krzhyhu/ rqh pljkw h{shfw wkdw
wkh suhvvxuh erwk iurp wkh pdunhw dqg iurp srolf| pdnhuv wr uhwxuq wkh
h{fkdqjh udwh wr wkh qhljkerxukrrg ri ixqgdphqwdo htxloleulxp zrxog
ehfrph lqfuhdvlqjo| vwurqj% +s17,1
Wkh sdshu kdv looxvwudwhg krz d prqlwrulqj edqg iru wkh h{fkdqjh udwh/ zlwk qr
lqwhuyhqwlrq qhdu htxloleulxp exw vxevwdqwldo lqwhuyhqwlrq wuljjhuhg e| h{fkdqjh udwh
ru ixqgdphqwdo ghyldwlrqv rxwvlgh d suhvhw edqg/ lv deoh wr uhsurgxfh wkh sdwwhuqv ri
qrqolqhdu phdq0uhyhuvlrq irxqg lq pdq| uhfhqw hpslulfdo zrunv flwhg deryh +dprqj
rwkhuv vhh Wd|oru dqg Shho/ 4<<<> Nlolhq dqg Wd|oru/ 5333,1
Zh kdyh vkrzq wkh h￿hfw rq wkh h{fkdqjh udwh g|qdplfv ri lpsrvlqj d prqlwrulqj
edqg zkhuh wkh lqwhuyhqwlrq lv wuljjhuhg e| wkh ghjuhh ri ixqgdphqwdo plvdoljqphqw
yhuvxv wkh fdvh zkhuh wkh lqwhuyhqwlrq lv wuljjhuhg e| wkh ghjuhh ri h{fkdqjh udwh
plvdoljqphqw shu vh1
Rqh ghvludeoh ihdwxuh ri wkh vroxwlrq lv wkdw d prqlwrulqj edqg frxog r￿hu dq
dwwudfwlyh lqwhuphgldwh uhjlph iru ghyhorslqj frxqwulhv wr pdqdjh wkhlu fxuuhqflhv1
Rqh ri wkh pdlq dgydqwdjhv ri vxfk d vroxwlrq/ dv Yhodvfr +5333, qrwhv/ lv wkdw li wkh
dxwkrulwlhv _ghflgh wkh pdunhw suhvvxuh lv ryhuzkhoplqj/ wkh| fdq fkrrvh wr doorz
wkh udwh wr wdnh wkh vwudlq hyhq li wklv lqyroyhv wkh udwh jrlqj rxwvlgh wkh edqg%1
Exw wkh sdshu kdv dovr vkrzq wkdw _ohdqlqj djdlqvw zlqg% lv qrw vx￿flhqw wr uxoh
rxw clqwulqvlf* exeeohv1 Dowkrxjk wkh lpsrvlwlrq ri wudqvyhuvdolw| frqglwlrqv pd| eh d
frqyhqlhqw dqdo|wlfdo ghylfh wr uxoh rxw vxfk exeeoh vroxwlrqv/ wklv pd| qrw wudqvodwh
lq sudfwlfh1 Vr zh vxjjhvw d uroh iru d zlgh edfn0vwrs edqg wr uxoh rxw vxfk exeeohv1
Krz d zlgh edqg frxog suhyhqw vhoi0ixo￿oolqj exeeohv zdv looxvwudwhg xvlqj d vlpsoh
prgho ri Ixqgdphqwdolvwv dqg Fkduwlvwv zlwk qrq0vwhulolvhg lqwhuyhqwlrq1 Jlyhq Lwr*v
hylghqfh ri wkh vxffhvv ri vwhulolvhg lqwhuyhqwlrqv/ ixwxuh zrun qhhgv wr lqfrusrudwh
58d uroh iru iruhljq h{fkdqjh udwh lqwhuyhqwlrqv wkdw gr qrw lqyroyh fkdqjhv lq prqh0
wdu| srolf|1 Lq Vduqr dqg Wd|oru +5334, sruwirolr edodqfh dqg vljqdolqj h￿hfwv duh
frqvlghuhg1 Deuhx dqg Euxqqhuphlhu +5334, dovr glvfxvv wkh uroh ri sxeolf lqwhuyhq0
wlrq1 Wkh iudphzrun wkh| xvh lv rqh ri dv|pphwulf lqirupdwlrq dqg sulydwh vljqdov
vlplodu wr wkdw ri Pruulv dqg Vklq +4<<;, dqg wkh exeeoh hqgv rqo| zkhq hqrxjk
wudghuv eholhyh wkdw rwkhuv eholhyh wkdw wkh exeeoh zloo hqg1 Lq wklv vhwwlqj/ vwhulolvhg
lqwhuyhqwlrq frxog eh h￿hfwlyh dv d frruglqdwlrq ghylfh1
59TTi?_ 
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zkhuh v￿ @ Yr
Y5 dqg v￿￿ @ Y2r
Y52= Vxevwlwxwlqj +D14, lqwr +44, jlyhv=
}v￿￿ .+ e ￿ },v￿ ￿ dv @ 3 +D15,
zkhuh e @ ￿
2 dqg d @ ￿






2K^4 . d ￿ e>5￿ e>}‘
@ FK^d>e>}‘.EX^d>e>}‘ +D16,
zkhuh K^d>e>}‘ dqg X^d>e>}‘duh Nxpphu*v ixqfwlrqv>} @ ￿{2@￿2 dqg=
X^d>e>{‘@
￿+4 ￿ e,K^d>e>{‘
￿+4 . d ￿ e,
.
￿+e ￿ 4,{￿3KK^4 . d ￿ e>5￿ e>{‘
￿+d,
+vhh Vodwhu/ 4<93/ s1 8,1 E| lqfrusrudwlqj wkh sduwlfxodu vroxwlrq dqg uhduudqjlqj zh duulyh
dw htxdwlrq +45, lq wkh wh{w1
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olp5<" X^d>e>}‘ ￿ }3@ +E17,



























5:Dv|pswrwlfdoo| wkh vroxwlrq +45, pxvw frqyhujh wr wkh fruuhvsrqglqj iuhh0￿rdw vroxwlrq


















2q￿ @ 3 +E19,
Wkhuhiruh dsso|lqj +4<, wr +45, |lhogv F @3 =
 L?_@h) L?_|L?t @| 7 % @ ? _, ^  @ |  L ?u L h7 %
Zh xvh wkh wkuhh erxqgdu| frqglwlrqv +49,/+4:,/+4;,wr vroyh iru wkh wkuhh xqnqrzqv D>E
dqg ￿ { lq +<, dqg +45,1
Vroylqj +49, |lhogv=
D @
￿ v ￿ ￿ {
vlqk+￿￿ {,
+F1:,
Qrwh wkdw +49, shuplwv vroxwlrq iru D rqo| li ￿ {?￿ {& zkhuh ￿ {& lv wkh pdujlqdo lqwhuyhqwlrq
srlqw iru d fuhgleoh wdujhw }rqh iru ￿ v> l1h1=
￿ {& @ i￿ { =4.￿+￿ v ￿ ￿ {,frwk+￿￿ {,@3 j +F1;,
Wkh deryh vroxwlrq lv xqltxh dqg ￿ {& A ￿ v= +Iru ￿ {A￿ {&>v ￿+{, zrxog lqwhuvhfw ￿ v zlwk d
qhjdwlyh vorsh1 Wklv lpsolhv v￿+{, jrhv eh|rqg ￿ v iru ￿ {?￿ {&1,
Jlyhq wklv qdwxudo uhvwulfwlrq/ zh rqo| qhhg wr frqvlghu wkh vroxwlrq iru ￿ { zkhq ￿ { 5
^3> ￿ {&‘= Vroylqj +4:, iru E |lhogv=
E @





















￿2 ￿ {2‘ +F143,























Vxevwlwxwlqj +F1:, dqg +F1<, lqwr +F144, |lhogv=
4.￿+￿ v ￿ ￿ {,frwk+￿￿ {,@ ￿
E￿nq￿￿ ￿ 7 %
qj2
￿

























Gh￿qh wkh OKV ri +F145, dv i+￿ {, dqg wkh UKV ri +F145, dv j+￿ {, zkhuh } @
￿
j2 ￿ {2=
5;Sursrvlwlrq 8 Ohppd 9 +F145, kdv d xqltxh vroxwlrq ￿ {W 5 +￿ v>plqi￿ {&>+4 . ￿￿,￿ vj,
Surri1
+l, i+￿ {, lv d vwulfwo| ghfuhdvlqj ixqfwlrq1
Wr vkrz wkdw i+￿ {, lv vwulfwo| ghfuhdvlqj/ gl￿huhqwldwlqj i+￿ {, z1u1w1 ￿ { =
i￿+￿ {,@￿￿frwk+￿￿ {,.￿2+￿ v ￿ ￿ {,
￿
4 ￿ frwk2+￿￿ {,
￿
+F146,
￿ iru ￿ {?￿ v vlqfh
￿
4 ￿ frwk2+￿￿ {,
￿
? 3 wkhqi￿+￿ {, ? 3= Li+4 . ￿￿,￿ v ￿ ￿ {&>i^+4 . ￿￿,￿ v‘ ￿
￿
￿nq￿
￿ iru ￿ { 5 +￿ v> ￿ {&, zh ￿uvw vkrz wkdw i￿+￿ {, A 3 iru +3> ￿ {&,
Zh uhyhuvh wkh iroorzlqj surfhgxuh iru wkh surri= 4.￿+￿ v￿ ￿ {,frwk+￿￿ {, A 3 / j￿ @
￿
b wdqk+￿￿ {,.+ ￿ v ￿ ￿ {, A 3= Vlqfh j￿+3, @ ￿ v> o￿+￿ {,@￿
b
￿
4 ￿ wdqk2+￿￿ {,
￿
￿ ￿ 4@
￿wdqk2+￿￿ {, ? 3= Vr j￿+￿ {, A 3 iru ￿ { 5 +3> ￿ {&,= Uhzulwh +F146, dv=
i￿+￿ {,@￿￿frwk+￿￿ {,^￿+￿ v ￿ ￿ {,frwk+￿￿ {,‘ . ￿2+￿ v ￿ ￿ {, ? 3 +F147,
Vr i+￿ {, lv vwulfwo| lqfuhdvlqj iru ￿ { 5 +3> ￿ {&,=
Wr vkrz i ^+4 . ￿￿,￿ v‘ ￿ ￿
￿nq￿> zh gr wkh iroorzlqj1 Li +4 . ￿￿,￿ v?￿ {& wkhqi ^+4 . ￿￿,￿ v‘@
4 ￿ ￿￿￿￿ vfrwk^￿+4 . ￿￿,￿ v‘ ? ￿
￿nq￿ / 4 ￿ {frwk+{, ? 3 iru { @ ￿+4 . ￿￿,￿ vA31
Zh fdq vkrz wkdw o2+￿ {, @ wdqk+{, ￿ {?3 zlwk o2+ 3 ,@3 >o 2+4, $￿ 4 >o￿
2+￿ {,@
￿wdqk2+{, ? 3 , o2+￿ {, ? 3> ￿ {A3=
# hLLu Lu hLTLt|L? 
Surri1 Iurp wkh Nuxjpdq*v vroxwlrq zh nqrz wkdw dw wkh lqwhuyhqwlrq srlqw ￿ {&/ zlwk
￿ {& A ￿ {> wkh iroorzlqj frqglwlrq lv vdwlv￿hg44=
￿+￿ {& ￿ ￿ v,frwk+￿￿ {&, @ 4 +G14<,
Wdnlqj wkh olplw ri +F145, ￿ $4+zklfk dovr lpsolhv ￿ { $ ￿ {n, zh jhw +G14<,1
￿￿Wkh ydoxh pdwfklqj dqg vprrwk sdvwlqj frqglwlrqv dw ￿ {n duh=
￿ v @￿ {n . F4 vlqk+￿￿ {n, +G148,
4.F4￿frvk+￿￿ {n, @ 3 +G149,





5<, hLLu Lu hLTLt|L? 2
Surri1 Sursrvlwlrq +d,




























































Ohppd 4 v+{, A{ v ￿+{, iru 3 ?v￿ ￿ v dqg v ￿ ￿ v=









A 3 iru 3 ?v￿ ￿ vd q gv A ￿ v=
+H157,















￿+￿ {n ￿ ￿ v,frwk+￿￿ {n, @ 4 +G14;,
zkhuh +G14;, fruuhvsrqgv wr +G14<, lq wkh wh{w1










~ v ￿ ￿ v= Lq wklv uhjlrq v￿￿+{, A 3 dqg jlyhq Ohppd 4=
C2h ￿+{,
C{2 ? 3 +H15:,
6 hLLu Lu hLTLt|L? 


























zklfk ghprqvwudwhv wkh sursrvlwlrq1
B hLLu Lu hLTLt|L? D

























￿ 3 ?v￿ ￿ v1 Lq wklv uhjlrq
_h ￿E%￿
_% A 3 dqg
_2h ￿E%￿





gv2 A 3 +J165,
Iru wkh surshuw| ri wkh lqyhuvh ixqfwlrq li _r
_% A 3 dqg _2r
_%2 A 3 wkhq _%
_r A 3 dqg _2%
_r2 A 3=
￿ v ￿ ￿ v= Lq wklv uhjlrq
_h ￿E%￿
_% A 3 dqg
_2h ￿E%￿





gv2 ? 3 +J166,
Iru wkh surshuw| ri wkh lqyhuvh ixqfwlrq li _r
_% A 3 dqg _2r
_%2 ? 3 wkhq _%
_r A 3 dqg _2%
_r2 ? 3=
64O Ai 5L*|L? | A)Ti WW W?|ihi?|L?t
Vroxwlrqv iru olqhdu v|vwhpv zlwk vdggoh0srlqw g|qdplfv dqg ihhgedfn h￿hfwv kdyh ehhq txdo0
lwdwlyho| dqdo|vhg e| Ploohu dqg Zhoohu +4<<8,1 Wkh vroxwlrq phwkrg dvvxphv d pdsslqj
ehwzhhq wkh h{fkdqjh udwh dqg wkh frpsrvlwh ixqgdphqwdo1 Wkxv/ wr ghulyh wkh jhqhudo
vroxwlrq lw lv qhfhvvdu| wr srvwxodwh d ghwhuplqlvwlf ixqfwlrqdo uhodwlrqvkls ehwzhhq v￿ dqg {=
v￿+{,@i+{, +K167,
Li wkh ixqfwlrq i+{, lv wzlfh gl￿huhqwldeoh dqg wkh vhfrqg ghulydwlyh lv frqwlqxrxv/ e|
dsso|lqj Lwr*v ohppd=













+v￿ ￿ {,gw +K16:,




￿2i￿￿+{, gw ￿￿i +{,i￿+{, gw .
4
￿
+{ ￿ i+{,, gw @ 3 +K16;,
Wkh uhodwlrqvkls +K16;, lv d vhfrqg0rughu qrq0olqhdu htxdwlrq zklfk grhv qrw lq jhqhudo
dgplw forvhg irup vroxwlrqv1
Lq wkh ghwhuplqlvwlf fdvh zkhuh wkh yduldqfh ri wkh h{fkdqjh udwh zlwk uhvshfw wr wkh
ixqgdphqwdo ￿ lv }hur/ wkh wzr hljhqyhfwruv ￿r dqg ￿￿ duh wkh rqo| sdwkv frqqhfwhg wr wkh
ruljlq1 Wr ghwhuplqh wkh vorshv ri wkh wzr olqhdu pdqlirogv/ vxevwlwxwh wkh olqhdu uhodwlrqvkls
i+{,@d . ￿{lq +K16;,1 E| dsso|lqj wkh phwkrg ri xqghwhuplqhg frh￿flhqw/ wkh vorshv













65Li wkh v|vwhp lv vxemhfw wr vwrfkdvwlf vkrfnv wkhuh wxuqv rxw wr eh dq lq￿qlw| ri rwkhu qrq0olqhdu
vroxwlrqv frqqhfwhg wr wkh ruljlq1 Wr vhh wklv frqvlghu +K16;, uhduudqjhg dv iroorzv=
4
5
￿2i￿￿+{,gw @ ￿i +{,i￿+{, gw ￿
4
￿
+{ ￿ i+{,, gw +K174,
Lw uhsuhvhqwv wkh ixqgdphqwdo gl￿huhqwldo htxdwlrq wr eh vdwlv￿hg e| dq| vroxwlrq wr wkh olqhdu
vwrfkdvwlf v|vwhp iru zklfk ￿2 9@3 1 Wkxv/ doo wkh qrq0olqhdu vroxwlrqv fdq eh wkrxjkw ri
dv exeeoh sdwkv/ dorqj zklfk wkh orj0ghyldwlrq ri wkh r￿fldo h{fkdqjh udwh ghyldwhv iurp lwv
ixqgdphqwdo ydoxh1 Iru d txdolwdwlyh dqdo|vlv ri wkhvh vroxwlrqv vhh Ploohu dqg Zhoohu +4<<8,1
+iuihi?Uit
^4‘ ￿Oij￿ $ BAa ￿￿ l￿ ￿i￿AAji6j￿ji +5334,= _Exeeohv dqg Fudvkhv%/ Xqlyhuvlw|
ri Sulqfhwrq/ plphr1
^5‘ ￿ji|N,Be D￿ BAa -￿c￿ ￿BOB,,jiN +4<<5,= _Wdujhw ]rqh dqg Uhdoljqphqwv%/
Dphulfdq Hfrqrplf Uhylhz ;5/ 85308691
^6‘ ￿ji|N,Be D￿ BAa 7￿jAttNA w￿.￿￿ +4<<6,= _Vwrfkdvwlf Ghydoxdwlrq Ulvn dqg wkh
Hpslulfdo Ilw ri Wdujhw ]rqh Prghov%/ Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 9;<0:451
^7‘ ￿NiiBaNe w￿ +4<<9,= _Uhvhuyh F|fohv dqg wkh Froodsvh ri wkh H{fkdqjh Udwh Phfk0
dqlvp= Ghwhuplqlvwlf dqg Vwrfkdvwlf Dqdo|vlv%/ P1Vf Glvvhuwdwlrq lq Hfrqrplfv1
^8‘ ￿NiiBaNe w￿ +5334,= _Hvvd|v lq Lqwhuqdwlrqdo dqg Dssolhg Pdfurhfrqrplfv= Prg0
hoolqj Xqfhuwdlqw|/ Ohduqlqj dqg Qrq0Olqhdulwlhv%/ Sk1G1 Wkhvlv/ Xqlyhuvlw| ri Zduzlfn1
^9‘ $￿!￿|e ￿￿ BAa -￿7￿ ￿￿Aa+W" +4<<7,= Lqyhvwphqw Xqghu Xqfhuwdlqw|/ Sulqfhwrq
Xqlyhuvlw| Suhvv1
^:‘ $￿6Bt ￿￿ +4<<5,= _G|qdplf Htxloleulxp dqg wkh Uhdo H{fkdqjh Udwh lq d Vsdwldoo|
Vhsdudwhg Zruog%/ Uhylhz ri Ilqdqfldo Vwxglhv/ 8/ 4860;31
^;‘ 8iBA"j,e c￿ BAa l￿ 8iNN| +4<;9,= _Xqghuvwdqglqj wkh X1V1 Groodu lq wkh Hljkwlhv=
Wkh H{shfwdwlrqv ri Fkduwlvwv dqg Ixqgdphqwdolvwv/% Hfrqrplf Uhfrug/ Vshfldo Lvvxh/
57~6;1
^<‘ 8iNN|e l￿ ￿￿ BAa ￿￿ ￿Ot|uj,a +4<<4,= _Lqwulqvlf Exeeohv= Wkh Fdvh ri Vwrfn
Sulfhv%/ Dphulfdq Hfrqrplf Uhylhz/ ;4+8,/ 44;<045471
^43‘ Qt￿j￿e $￿ +4<<5,= _D Qrqolqhdu Vwrfkdvwlf Udwlrqdo H{shfwdwlrqv Prghov ri H{fkdqjh
Udwhv%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 44/ 56805831
^44‘ li
￿￿
B}ji Q￿ BAa ￿￿ l￿},ji +4<<6,= _Qrq0Olqhdulwlhv lq Iruhljq H{fkdqjh Pdunhwv=
d Gl￿huhqw Shuvshfwlyh%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 45/ 4<8053;1
66^45‘ li￿}6BAe ￿￿ +4<<4,= _Wdujhw ]rqhv dqg H{fkdqjh Udwh G|qdplfv%/ Txduwhuo| Mrxu0
qdo ri Hfrqrplfv 449/ 99<09;51
^46‘ YtBiae ￿￿ +4<<8,= _H{fkdqjh Udwh Hfrqrplfv%/ Fdpeulgjh Vxuyh|v ri Hfrqrplf Olw0
hudwxuh/ Fdpeulgjh1
^47‘ Y|N C￿ +5334,= _Lv Iruhljq H{fkdqjh Lqwhuyhqwlrq H￿hfwlyhB%/ Klwrwvxedvkl Xqlyhuvlw|/
Wrn|r/ plphr1
^48‘ l￿,￿BAe w￿ BAa ￿￿ ￿￿ CB+,Ni +5334,= _Zk| lv vr Gl￿fxow wr Ehdw wkh Udqgrp
Zdon Iruhfdvw ri H{fkdqjh UdwhvB%/ Xqlyhuvlw| ri Zduzlfn/ plphr1
^49‘ w￿AaOji}e Q￿e BAa ￿￿ 7Naji,￿Aa +4<<5,= _Wdujhw ]rqh Prghov dqg wkh Lqwhu0
yhqwlrq srolf|= wkh Vzhglvk Fdvh%/ vhplqdu sdshu q1 7<9/ Lqvwlwxwh iru Lqwhuqdwlrqdo
Hfrqrplf Vwxglhv1 Xqlyhuvlw| ri Vwrfnkrop1
^4:‘ wN|￿￿BAe c￿ BAa ￿￿￿￿ CB+,Ni +4<<9,= _Uhdo H{fkdqjh Udwh Ehkdylrxu= wkh
Uhfhqw Iordw iurp wkh Shuvshfwlyh ri wkh Sdvw Wzr Fhqwxulhv/% Mrxuqdo ri Srolwlfdo
Hfrqrp|/ yro 437/ 7;;~83<1
^4;‘ ￿￿,,jie ￿￿Q￿ BAa ￿￿ bj,,ji +4<<4,= _H{fkdqjh Udwh Edqgv zlwk Sulfh Lqhuwld%/
Hfrqrplf Mrxuqdo1
^4<‘ ￿Nii￿t 7 BAa Q￿ 7￿ 7￿￿A +4<<;,= _Xqltxh Htxloleulxp lq d Prgho ri Vhoi0ixo￿oolqj
Fxuuhqf| Dwwdfnv%/ Dphulfdq hfrqrplf Uhylhz/ ;;/ 8;:08<:1
^53‘ ￿￿￿NAAj,,e ￿￿D￿c￿ +4<<;,= _Pdunhw Iulfwlrqv dqg Uhdo H{fkdqjh Udwhv%/ Mrxuqdo
ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 46/ 96:08:1
^54‘ -B￿BAe -￿ 7￿ +5333,= _Fxuuhqf| Edvnhw Uhjlphv iru Vrxwkhdvw Dvld= wkh Zruvw
V|vwhp zlwk H{fhswlrq ri Doo Rwkhuv%/ Fhqwuh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv Srolf|
Glvfxvvlrq Sdshu Qr1335;/ Dghodlgh Xqlyhuvlw|/ Dghodlgh1
^55‘ -N}Nuue l￿ +4<<9,= _Wkh Sxufkdvlqj Srzhu Sdulw| Sx}}oh%/ Mrxuqdo ri Hfrqrplf
Olwhudwxuh/ 67/ 97:09;1
^56‘ 7BiANe w￿ BAa ￿￿ ￿￿ CB+,Ni+5334,= _R￿fldo Lqwhuyhqwlrq lq wkh Iruhljq H{fkdqjh
Pdunhw= Lv Lw H￿hfwlyh/ dqg/ Li Vr/ Krz Grhv lw ZrunB%/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
yro 6</ ;6<~9;1
^57‘ 7￿jAttNAe w￿.￿￿￿ +4<<4,= _Wdujhw ]rqhv dqg Lqwhuhvw Udwh Yduldelolw|%/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv 64/ 5:~871
^58‘ 7￿jAttNA w￿.￿￿ +4<<5,= _Dq Lqwhusuhwdwlrq ri Uhfhqw Uhvhdufk rq H{fkdqjh Udwh
Wdujhw ]rqhv%/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 9+7,/ 4<<~4771
67^59‘ 7,B|ji w￿ c￿ +4<94,= _Frq￿xhqw K|shujhrphwulf Ixqfwlrqv%/ Fdpeulgjh Xqlyhuvlw|
Suhvv1
^5:‘ CB+,Nie ￿￿￿￿ BAa Q￿w￿ ￿,,jA +4<<5,= _Wkh Xvh ri Whfkqlfdo Dqdo|vlv lq wkh
Iruhljq H{fkdqjh Pdunhw/% Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ yro 44/ 637~
471
^5;‘ CB+,Ni￿ ￿￿￿￿ BAa $￿ ￿jj, +5333,= _Qrqolqhdu Dgmxvwphqw/ Orqj0Uxq Htxloleulxp
dqg H{fkdqjh Udwh Ixqgdphqwdov%/ iruwkfrplqj Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ yro 4</ 66~861
^5<‘ CB+,Ni ￿￿￿￿e $￿ ￿jj, BAa w￿ 7BiAN +5334,= _Qrqolqhdu Phdq0Uhyhuvlrq lq
Uhdo H{fkdqjh Udwhv= Wrzdugv d Vroxwlrq wr wkh Sxufkdvlqj Srzhu Sdulw| Sx}}ohv%/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ yro 75/ 4348~75 1
^63‘ CBiBVNij ￿N66￿||jj +4<<:,= _Uhsruw ri wkh Frpplwwhh rq Fdslwdo Dffrxqw Frq0
yhuwlelolw|/ Uhvhuyh Edqn ri Lqgld/ Pxpedl1
^64‘ Xj,BtWN ￿￿ +5333,= _H{fkdqjh0Udwh Srolflhv iru Ghyhorslqj Frxqwulhv= Zkdw Kdyh
Zh OhduqhgB Zkdw Gr Zh Vwloo Qrw NqrzB%/ Xqlwhg Qdwlrqv J057 Glvfxvvlrq Sdshu
Vhulhv/ Qr 81
^65‘ bBa￿￿BA￿e 7￿ +5333,= _Wkh H{fkdqjh Udwh dqg wkh PSF= Zkdw Fdq Zh GrB%/
Vshhfk gholyhuhg wr wkh Vhqlru Exvlqhvv Iruxp dw wkh Fhqwuh iru Hfrqrplf Shuirupdqfh
rq 64 Pd| 53331
^66‘ b￿,,￿B6tNA c￿ +4<<;,= _Fudzolqj Edqgv ru Prqlwrulqj Edqgv= Krz wr Pdqdjh
H{fkdqjh Udwhv lq d Zruog ri Fdslwdo Prelolw|%/ Lqwhuqdwlrqdo Ilqdqfh1
^67‘ b￿,,￿B6tNA c￿ +4<<<,= _Duh Lqwhuphgldwh Uhjlphv YdqlvklqjB%/ Vshhfk jlyhq dw wkh
Lqwhuqdwlrqdo Frqihuhqfh rq H{fkdqjh Udwh Uhjlphv lq Hphujlqj Pdunhw Hfrqrplhv/
Wrn|r/ Mdsdq 4:04; Ghfhpehu 4<<<1
68